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Description 

The present invention refers to equipment and 
methods for cell selection and, more particularly, 
to such equipment and methods for trapping 
individual cells at known locations thereby for use 
among other ways in selecting at least one sub- 
population of cells, using defined parameters 
common to its members, from a more general cell 
population. 

Equipment and methods for selecting and 
separating sub-populations of biological cells, 
e.g. those contained In the blood, are known, as Is 
made clear in the prior art portions of claims 1 
and 17 herein, see for instance document 
QE— A— 2928790, Several methods which are 
considered to be important and indicative of the 
state of the art are briefly described and com- 
mented on below. 

Separation based on cell adhesion. This 
method is not very efficient and is not suited for 
separation of different cells which have the same 
membranic characteristics, e.g. between cells that 
stick to glass. 

Immunofluorescence separation. This method 
Is based on known binding characteristics of 
subpopulations of cells to certain antigens and/or 
antibodies. Their binding to the cells in a later 
stage can be used to identify the cell. However, 
this method Is quite limited because it cannot be 
used to separate cells based on measurements of 
their biological activities or response to the bound 
matter. 

Electrophoresis. This method is based on cell- 
separation according to the cells' electrical 
charge. Thus, it cannot be used to separate 
different groups of cells having the same charge, 
or mass. Radio assay Including radio 
immunoassay, radio incorporation assay, radio 
enzymological ^ssay. In this method one cannot 
separate groups of cells from one another, nor 
distinguish a subgroup within the group based on 
its activity or inactivity and response. 

Morphology. Distinction between cells is based 
on their physical appearance. This method is 
quick but the coarsest of all. 

Cell separation according to specific density 
(gradient technique). In this method cells float 
upon an isotonic solution of known density, 
osmolarity and viscosity. This configuration is 
subjected to acceleration forces by centrifugation 
at a given temperature and acceleration. The 
cells, having a specific weight greater than that of 
the solution sink. Those having the specific den- 
sity of the solution are suspended in it, and those 
with a specific density less than that of the 
solution float above it. The main problem with 
this method is the cells' compartmentization 
within the density gradient, which is influenced 
by ambient conditions such as temperature, 
osmolality, acceleration, e.g. the distance of the 
interface between the blood and the gradient 
from spinning axis. 

In addition to the above-stated shortcomings of 
the various prior art methods, a disadvantage 



common to all of them is due to the fact that the 
separated cells nearly always include cells 
belonging to other than the group or subgroup of 
interest. Therefore, any diagnosis of the cells, 

5 separated by any of these mentioned methods, is 
necessarily coarse, even if all the procedures have 
been carried out with the utmost precision. 

For example, L. Cereck et al describe a SCM-test 
(Structuredness of Cytoplastic /Watrix) in Biophys. 

10 J., July 1978, Vol. 23, No. 1, p. 395 ff. In said article 
the authors admit that by the above described 
gradient method, separated cells contained about 
50% of undesired cells, in spite of the great care 
with which the test was conducted. 

15 Therefore, it is a major object of the invention to 
provide a method and equipment for selecting a 
group of cells from other cells and further 
separate the selected cells from one another. 
Each of the selected cells, separated from one 

20 another, is at a precise known location. All the 
selected ceils are subjectable to common tests, 
yet the effect on each individual cells is determin- 
able, thereby enabling more accurate diagnosis. 
The tests and the effects on each cell are per- 

25 formed automatically In order to reduce the test- 
ing time, a task performable by relatively unskil- 
led personnel. 

The inability to totally separate a particular 
groups of cells from all other greatly affects the 

30 diagnosis accuracy. Furthermore, and most signi- 
ficantly, in the above described methods, cell 
separation and the following tests conducted 
thereon are on a macro or batch basis, rather than 
on a micro basis, i.e. one in which the selected 

3S cells are separated from one another and each 
cell can be separately tested and examined. Any 
system and method for separating selected cells 
of Interest from other cells and further separate 
the selected cells from one another, so that each 

40 can be separately tested and/or examined, would 
be of great significance in diagnosing various 
biological conditions and for other purposes. 
Testing and examining Individual selected cells 
would eliminate errors, presentiy existing In 

45 many diagnoses, based on inexact statistical 
criteria. 

The invention accordingly provides a method 
for selecting particular biological cells from other 
cells to facilitate the observation of at least one 

50 selected property of the selected biological cells, 
which method comprises substantially covering 
with cells, including the selected cells of interest, 
the upper surface of a substantially planar carrier 
of preselected thickness and defining upper and 

55 lower surfaces and comprising an ordered array 
of apertures therethrough, said apertures having 
a preselected configuration with preselected 
dimensions at the top and bottom surfaces, and 
said method including the step of washing the 

60 said upper surface of said carrier to remove cells 
not supported in said apertures whereby only 
selected cells of preselected dimensions are held 
substantially In said apertures with substantially 
one cell per aperture, characterised by providing 

65 the top dimension of each aperture larger than its 
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smallest Internal cross-sectional dimension and 
both the thickness of said carrier and the top 
dimensions of each aperture of the order of the 
diameters of the selected cells, and the step of 
attracting any cell to the aperture in which it is to 
be supported, or of expelling any cell from the 
aperture in which It is supported, as a function of 
a known cell property. It will be appreciated that 
the method of the invention enables the precise 
location of a cell in a particular aperture to be 
identifiable, by the known position of the aper- 
ture with respect to coordinates on the x and y 
axes of said planar carrier. 

The Invention moreover provides an apparatus 
for selecting particular biological cells from other 
cells and observing at least one selected 
property of the selected biological cells, which 
apparatus comprises a substantially planar 
carrier of preselected thickness and defining 
upper and lower surfaces and comprising an 
ordered array of apertures therethrough, said 
apertures having a preselected configuration 
with preselected dimensions at the top and 
bottom surfaces, definable as top and bottom 
dimensions, respectively, whereby when the 
biological cells are disposed on said top surface, 
only selected cells of preselected dimensions are 
held substantially in said apertures with sub- 
stantially one cell per aperture, characterised in 
that the top dimension of each aperture Is larger 
than its smallest interna! cross-sectonal dimen- 
sion and both the thickness of said carrier and 
the top dimensions of each aperture are of the 
order of the diameters of the selected cells, the 
precise locations of each aperture will be identifi- 
able by Its position with respect to coordinates 
on the X and y axes of said planar carrier. 

It will be evident that cells of sizes smaller than 
those of the selected cells pass through the 
holes, while much larger cells cannot enter the 
holes. Once the carrier is rinsed, only selected 
cells are located in its holes, one cell per hole at 
a fixed address. 

The cells in the carrier holes are then subject- 
able to biological tests and particular properties 
thereof are measured on a cell-by-cell basis, to 
determine which of the cells belong to a particu- 
lar subgroup, based on their particular properties 
and their measured parameters. Once a sub- 
group of cells has been identified, since each cell 
thereof is at a known address, the addresses of 
all the subgroup cells are known. Thus, one can 
subject all the cells to one or more tests, but 
examine the properties of only each cell in the 
subgroup by directing the particular measuring 
and/or diagnosing instruments to the cell's 
unique address. 

Further objects and features of the present 
invention will become more fully apparent from 
the following description of several embodi- 
ments of the invention based on the accompany- 
ing drawings, wherein: 

Fig. 1A— 1C are schematic illustrations, partly 
in sectional view, of preferred cell carriers of the 
invention; 



Figs. 2A— 2D illustrate one embodiment of a 
multiple cell carrier holder for carrying out 
measuring cycles at a plurality of cell carriers; 

Figs. 3A and SB are enlarged sectional views of 
5 the holder of FIG. 3; 

Fig. 4 schematically exhibits an optical analy- 
zer for scanning individually the cells of the 
population contained in a cell carrier; 

Fig. 5 schematically shows a second embodi- 
10 ment of an optical analyzer; 

Figs. 6A— 6C exhibit modified holders of the 
embodiment of Fig. 3; 

Figs. 7A and 7B show an embodiment of a flow 
chamber for the bottom side of an analyzing 
ts system; 

Fig. 8 is a modified version of the flow 
chamber of Fig, 7; 

Fig. 9 is again another embodiment of a holder 
and a flow chamber for an advanced analyzing 
20 system; 

Fig. 10 is a separation unit adapted to receive 
the holder of Fig. 6 for providing the cell carriers 
with cells; 

Fig. 11 is a sectional view of parts of the 
2S embodiment shown in Fig. 10; 

Figs. 12A and 128 exhibit a separation unit 
adapted to receive the holder of Fig. 9 for provid- 
ing the cell carriers with cells; 
Figs. ISA— 13C are details of a blood supply 
30 element adapted for use with the separation unit 
of Fig. 12; 

Fig. 14 is a sectional view of another embodi- 
ment of a blood supply element adapted for use 
with the separation unit of Fig. 12; 
35 Rgs. 15A and 15B show an embodiment of a 
multi-carrier system for clinical use, wherein the 
separation and the measuring steps are com- 
bined; 

Rg. 16 Is a schematic overall illustration of an 
40 optical diagnosis system according to the inven- 
tion; and 

Fig. 17 illustrates a cell carrier for selectively 
attracting or releasing desired cells. 
The invention will first be described, in a non- 
45 limiting way, with regard to selecting and analyz- 
ing a particular population of cells of a given 
type contained in a biological fluid from other 
populations of cells. In addition, a further selec- 
tion of a special sub-population can be separated 
so from the particular population selected. More 
specifically, the Invention will first be described 
in connection with selecting and analyzing a 
particular sub-population of lymphocytes, which 
are present in human blood, by first separating 
ss the lymphocytes from other types of cells, and 
then testing the lymphocytes to identify the sub- 
population or subgroup within the grop of lym- 
phocytes. 

L. Cercek and B. Cercek in articles published in 
60 European Journal of Cancer, vol. 17, 1981, pp. 
167—171; same Journal vol 13, 1977, pp. 
903—915; and in Biophysical Joumal vol. 23, 
1978, pp. 395—405 discuss the excitation and 
emission-polarization spectra of fluorescein in 
65 living cells {the article in the Biophysical Journal) 
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with relation to the application of the phenome- 
non of changes in the Structuredness of the 
Cytoplasmic Matrix (SCM) in the diagnosis of 
malignant disorders. Briefly, the Cerceks perform 
the so-called SCM test after first trying to separate 
a particular subgroup of lymphocytes from other 
lymphocytes, as well as, other types of cells by 
the density gradient technique. 

This technique as previously pointed out is very 
unsatisfactory. First, it is very time consuming, as 
is appreciated by those familiar with the art, and 
as is clearly apparent from the articles by the 
Cerceks. Secondly, as the Cerceks acknowledge 
the finally separated cells do not belong to only 
the subgroup of interest, but include a large 
number, on the order of 50% of other lymphocy- 
tes. Thus, the analysis of their response to stimu- 
lation of the separated cells is very limited. 
Thirdly, and most significantly all of the stimula- 
tions and response measurements, performed by 
the Cerceks on the separated cells, are done on all 
the cells in a batch, rather than on a cell-by-cell 
basis. However, it is clear that a cell-by-cell 
analysis provides far more information for the 
understanding of biological implications of the 
phenomena under study. 

The present invention makes it possible to 
realize such analyses very quickly, and accurately. 
In this particular case, both speed and accuracy 
are very important, considering the potential 
number of cancer diagnosis tests that one may 
wish to perform. Equally important, the novel 
invention, both In terms of the system and 
method, provides capabilities for separating 
biological cells from one another by placing each 
separated cell at a known address, to which one 
can return, for repeated cell observation and/or 
repeated stimulations followed by subsequent 
analysis. 

Briefly, in accordance with the present inven- 
tion a large number of cells, e.g. lymphocytes in 
the blood, which can be thought of as 
representing a group or population of cells are 
first separated from all other cells, i.e. from 
different groups or populations of cells. In the 
separation process the separated lymphocytes, in 
addition to being separated from the other cells, 
are also separated from one another, each being 
at a known location, hereafter also referred to as 
an address. All the separated lymphocytes are 
then subjected simultaneously to selected tests 
and thereafter each cell is separately investigated 
to determine whether or not, as a result of the 
test, or stimulation, it exhibits a particular 
property. The address of every cell exhibiting said 
property is recorded. Thus, after all the separated 
cells have been investigated the addresses of all 
the cells which exhibited the particular property 
are known, These cells represent a particular 
subgroup of lymphocytes within the larger entire 
group of lymphocytes. Once the cells in the 
subgroup have been Identified, they together with 
the rest of the lymphocytes may be subjected to 
one or more additional tests. However, as to 
investigating the properties of the cells as a result 



of these additional test(s) it can be limited to only 
the cells in the subgroup. Each cell in the sub- 
group Is individually investigated by directing the 
investigative Instrumentation to the cell's unique 

5 known location or address. Thus, once the cells in 
the subgroup have been identified only they are 
subsequently investigated, while all other cells, 
though belonging to the same group, but not 
being part of the subgroup, are ignored in that 

10 they are not subjected to any investigation. Con- 
sequently once the subgroup has been identified 
only its cells are investigated, thereby limiting 
investigation time only to the subgroup cells 
which are of interest. Also, since the investigation 

75 is done on a cell-by-cell basis, more precise data 
is obtainable for increased diagnosis accuracy. 
Other advantages of being able to identify cells of 
a subgroup and investigate each one individually 
will be discussed hereinafter. 

20 As previously pointed out, in a first step the 
lymphocytes are separated from the other cells 
contained in the blood. The separation is per- 
formed by means of a perforated cell carrier 1 as 
shown in Fig. 1A. 

25 The cell carrier 1 may have various configura- 
tions of apertures or holes 2, as well as the 
manner in which they are arranged. In Fig. 1A 
they are assumed to be arranged In rows and 
columns along axes X and Y, respectively. The 

30 holes are shown as having larger openings at the 
tops than at the bottoms thereof, as shown in Fig. 
IB. In the presently described embodiment the 
holes are sized to be suited for receiving lym- 
phocytes, among which there are two main sizes 

35 of about 7 \xm and about 10—15 pm. At the upper 
surface or side It of carrier 1 the apertures have a 
cross-sectional dimension of approximately 
10 pm. The apertures at the bottom surface or 
side 1b have cross-sectional dimensions of 

40 approximately 6 pm. The side walls of the aper- 
tures may converge continuously or in steps, as 
shown in Fig. 1C, towards the opening at the 
bottom side lb of the cell carrier. 
In general the aperture should be shaped so 

45 that either at its bottom side or at a cross-section 
intermediate sides It and lb the cross-sectional 
dimension is less than at the top side, so that a 
desired cell entering an aperture does not pass 
through the aperture, but rather is held therein. 

50 Also It is important to close the carrier thickness 
between sides It and 1b so that the size of the 
aperture is related to the size of the desired cells 
so that when a desired cell enters an aperture 
practically the entire cell is within the aperture, 

55 thus preventing it from being washed out during 
a washing step, as will be described. 

The shape of the apertures 2 enables the cells to 
be effectively held to the carrier by applying 
means, such as a pressure difference between the 
60 upper and the bottom side of the carrier, or 
electromagnetic forces. Briefty to first separate a 
particular group of cells from cells of other 
groups, since the cells in each group are of known 
size or sizes, which typically differ from those in 
65 other groups, the carrier 1 1s chosen to have holes 
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of sizes so that the matter, e.g. blood, containing 
the various cell groups is placed on the carrier 1, 
effectively most if not all of the holes are occupied 
by cells of the group of interest, one cell per hole. 

As previously pointed out, the holes 2 in carrier 1 
are regularly arranged over or in the carrier, e.g. in 
rows and columns, to enable a clear identification 
of the position of every hole 2, for example, by its X 
and Y coordinates in the plane of the carrier. In the 
described embodiment the holes are disposed in 
rows and columns, extending perpendicularly to 
each other, thereby forming a matrix-like struc- 
ture. The number of holes is chosen depending on 
the number of cells to be carried. For example, 
with 100 holes per row and column there is a total 
of 10,000 holes to carry 10,000 ceils, on the carrier 
of the described embodiment, each with its unique 
position in X and Y. The carrier 1 itself may have a 
circular circumference, as can be seen from Fig. 
6C. As shown therein the carrier has a plurality of 
ears 8, to align the carrier In a holder structure 40 
which has a pair of indentations 9 extending from 
the top recess in which the carrier Is supported. A 
hole extends axially about said recess in holder 40. 
Other aligning means such as pins or particularly 
shaped carriers are also within the scope of this 
invention. 

The carrier 1 is made of any appropriate matter, 
e.g. metals such as copper, gold, nickel, silver or 
others, or of plastic, which may be provided with 
electrically conducting portions, extending 
between the holes 2 as shown in Fig. 17. Thus, the 
electric potential at any cell-containing hole can be 
influenced to produce an Interaction with the cell's 
electrical charge. By controlling the potential at 
various holes the cells therein can be electrically 
bonded to the carrier as well as be released 
therefrom. 

To practice the method a few drops of the 
solution containing the lymphocytes, e.g. blood, 
are dripped onto the cell carrier. The liquid passes 
through the holes in the carrier. However, the cells 
remain on the carrier. Since the sizes of the holes 2 
are chosen to accommodate lymphocytes only, 
they enter the holes. Each hole accommodates 
only one ceil. Excessive and other cells are washed 
off the surface of the carrier, such as cells of sizes 
so great that they cannot enter any hole, and/or 
excess cells morei than the number of holes. 
Thereafter, In order to prevent the cells in the holes 
from leaving the carrier, they may be fixed thereto, 
by different means, e.g. by covering the carrier by 
an adhesive, colloidable matter, and by electrically 
charging it, as well as by electric and/or magnetic 
fields. Another combined method for isolating 
said population and simultaneously applying it to 
the carrier will be discussed later in connection 
with Figs. 10, 11, 12Aand 12B. 

Each carrier provided with its group of cells of 
interest, i.e. with lymphocytes, is placed In a carrier 
holder of a flow chamber such as holder 10 (Fig. 
2D) to provide the necessary environment for the 
testing or measuring cycles, which will be 
described later. 

In a first embodiment shown in Figs. 2A— 2D, 3A 



and 38 a plurality of matrices or cell carriers 1 are 
placed on holder 10 (Figs. 2D and 3A). Only one 
orientation of the carriers is possible so that the 
perforations (holes) of the carriers are aligned 

5 relative to defined axes, such as X and Y (see Fig. 
1A). The holder 10 which is the top of the flow 
chamber, is removably mounted upon a central 
part 11 (Fig. 2A) of the flow chamber. The central 
part 11 defines a plurality of channels 12, each 

10 being connected at both ends to one of a plurality 
of tubes 13 for supplying and discharging a 
desired solution. The central part is fixed at its 
bottom by a lower part 14 (Fig. 2B) of the flow 
chamber comprising a transparent wall15 which Is 

16 necessary when using incident and transmitted 
light techniques for analyzing the cells on the 
carrier. 

As can be seen from Fig. 3A, which is a view on a 
section perpendicular to the direction of a channel 

20 12 (the solution therefore flowing "into the page"), 
a flow director 16 ensures that the solution con- 
tacts the cell carrier 1 . In Fig. 3B a side view of this 
arrangement is illustrated schematically. 
On the holder 10 the carriers 1 of several 

25 different individuals (patients) are placed in one 
row extending along the channels, while a column 
of carriers of the same person extend perpendicu- 
lar to the channels. Each channel 12 is related to 
one type of test so that the number of tests to be 

30 run determines the number of channels 12 in the 
flow chamber. 

Any solution, which flows through any one of 
the channels therefore wets all the cells in the 
carriers above that channel, each belonging to 

35 another patient The cell carriers 1 may be covered 
by a glass plate 17 to make possible the use of 
immersion liquid for the optical scanning system, 
if necessary. 
In Fig. 2A the flow chamber Is shown comprising 

40 seven channels 12. In such a case cells from each 
patient are carried on seven carriers, one per 
channel, while along each channel are supported 
carriers with cells of different patients, as shown in 
Fig. 2D. Such an arrangement enables one to 

45 stimulate cells of different patients to different 
stimuli via each channel either simultaneously or 
successively and then test or analyze the response 
of each cell to the particular stimulus. Other 
embodiments to be described also comprise of a 

50 plurality of channels. Thus in each multi-channel 
embodiment the number of cell carrying carriers 
from each patient is typicaly equal to the number 
of channels. However, as will become apparent 
from the following description the invention is not 

55 limited to multichannel arrangements. It was 
found that cells after being stimulated by certain 
stimuli and examined can be cleansed and thus 
returned to their pre-stimulated state to be stimu- 
lated subsequently by a different stimulant. Con- 

60 sequently if desired only one cell-supporting 
carrier per patient can be used. The cells thereon 
can be successively stimulated and after each 
stimulation and analysis be rinsed for the next 
stimulation and analysis steps. 

65 Now, before describing other embodiments of 
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flow chambers, it Is considered desirable to 
describe particulars of one preferred method and 
system for individually analyzing the cells placed 
at defined locations on said carrier and intro- 
duced Into said flow chamber. To this end ref- 
erence is made again to the SCM-test as 
described by L and B. Cercek et al. in the 
mentioned publications. According to L and 
B. Cercek there are at least two characteristic 
properties of a subgroup of lymphocytes which 
are suitable for the SCM test. Acknowledgement 
of the specific antigen causes a lymphocyte to 
pass from a rest to a stimulated stage. When 
fluorescein molecules are imbedded in the lym- 
phocytes, by utilizing a well known phenomenon, 
called fluorochromasia, the transition from the 
rest phase to the stimulated phase results in 
critical changes in the polarization of the fluoresc- 
ence of the fluorescein in said lymphocytes. The 
lymphocytes. In which stimulation procedures 
may evoke such critical changes, differ In at least 
two characteristic properties from the other lym- 
phocytes; the specific density, and the fact that 
for these cells a relatively high (control) value of 
fluorescence polarization is observed only for a 
very narrow band of the emission spectrum 
around 510 mm. 

This second property is taken advantage of to 
mark out, or identify the proper lymphocytes 
among the whole population of lymphocytes and 
thus avoid the necessity of their physical separa- 
tion. It is thus the group of lymphocytes which 
exhibits this particular spectral behaviour on 
which then all further stimulation effects are 
examined, while all other lymphocytes will hence- 
forth be neglected by the evaluation technique of 
the system. Alternately stated, in accordance with 
the invention, first the carrier is used to separate 
lymphocytes in a person's drop of blood from 
other types of cells by means of the sizes of holes 
in the carrier. The holes are filled substantially by 
lymphocytes, one cell per hole. Smaller cells 
passing through the holes and larger cells are 
washed off the carrier's top surface. Thereafter 
the lymphocytes on the carrier are rinsed with 
FDA+PBS, which by fluorochromasia is con- 
verted within the cells to fluorescein. Then the 
fluorescence polarization within a narrow band of 
the emission spectrum around 510 nm from each 
cell, is measured and recorded. Only those lym- 
phocyte cells, each of which exhibits a relatively 
high value of fluorescence polarization, define- 
able as P are regarded as belonging to the 
particular subgroup of interest. Since the address 
of each cell on the carrier hole array is known the 
address of each cell in the subgroup is known. 
Thus once the cells belonging to the subgroup are 
known, all subsequent measurements and/or 
observations which may be performed, are per- 
formed only on the cells in the subgroup, whereas 
all the other lymphocyte cells on the carrier which 
do not belong to the subgroup may be ignored in 
that neither measurements nor observations are 
performed on any of them. The limiting of subse- 
quent measurements or observations to only the 



cells in the subgroup greatly reduces analysis 
time which is of great significance. Furthermore 
and possibly more important, since the address of 
each cell is known, the cell's unique response to 

5 each stimulant can be recorded to provide unique 
information, heretofore unattainable due to the 
fact that measurements and observations were 
performed on batches of cells or those employing 
flow systems. Also even when observing a par- 

10 ticular cell under a microscope one could not 
thereafter stimulate it with another stimulant and 
observe the cell's response thereto. This is due to 
the fact that heretofore individual cells were not 
placed in a fixed array with the address of each 

15 cell known, so that the measurement and/or 
observation instrumentation could be directed 
repeatedly to the same address to observe the 
same cell. 

A suitable criterion may be determined, of the 

20 minimum ratio of polarizations measured at two 
fluorescence emission wavelengths, namely 
510 nm and at 515 nm. Therefore, as a first step, 
the cells of the critical subgroup of lymphocytes 
are Identified by testing said criterion for every 

26 single cell on the carrier. Upon transition to a 
state of stimulation the degree of polarizaton of 
the stimulated members of said subgroup 
decreases to a value of about 0.14 for said 
emission wavelength of 510 nm. This change of 

30 the degree of polarization is examined only for 
the identified cells of said subgroup. 

A system for carrying out these tests for each 
cell on the carrier will now be described in 
connection with Fig. 4. The cells on carrier 1 are 

35 first typically rinsed with a solution of phosphate- 
buffered saline (PBS) and fluorescein diacetate 
(FDA). The latter due to the phenomenon of 
fluorochromasia is converted within each lym- 
phocyte cell to fluorescein. Then the fluorescein is 

40 excited by radiation of wavelength 470 nm upon 
which it emits its characteristic emission spec- 
trum. The determination of which of the lympho- 
cyte cells on the carrier belong to the subgroup of 
interest is made by stepwisely scanning each and 

45 every cell on the carrier by means of the optical 
analyzer 20, shown In Fig. 4. 

It includes a zirconium lamp (or laser) 21 which 
serves as a light source peaking at 470,1 nm and 
468 nm, thus eliminating the need for an excita- 

50 tion filter to filter any light in the range of i nterest, 
i.e. 510 nm and 515 nm. The light is plane 
polarized perpendicular to the plane of Fig. 4 by a 
polarizer 22, after passing a focusing lens 21a. 
The plane polarization is represented by the small 

55 circles. The plane polarized light beam strikes a 
mirror 23 which acts as a beam splitter in that it 
transmits light of \> 500 nm and reflects light 
below such wavelength. Thus the light from 
source 21 is reflected to the carrier 1, through a 

60 lens 24. 

The fluorescence emitted by each cell on the 
carrier is separately measured and recorded. The 
fluorescence from a cell passes through mirror 23 
and lens 24a to a Glenn-Thompson polarizer 25. 
65 Basically, polarizer 25 divides the fluorescence 
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Into two parts: One polarized parallel to the plane 
of the paper (indicated by the dashes in Fig, 4) 
which proceeds at the original direction of inci- 
dence, and the other polarized normally to the 
plane of the paper (indicated by the circles in Fig. 
4) which is deflected normally to the direction of 
incidence. Each of the polarized beams Is divided 
Into two equal and perpendicular beams by a 
beam splitter (26, 27). Each of these four newly 
formed beams passes through an interference 
filter of 510 nm or 515 nm (28, 29, 28', 29' respec- 
tively) and their Intensities are measured simul- 
taneously by four photo multiplier tubes (30, 31). 

These four measured Intensities are stored in a 
computer system such as that shown in Fig. 16, 
and the degree of polarization for each 
wavelength, I.e. A=510 nm and X=515 nm is cal- 
culated. The degree of polarization Is defined as 

P=i„-L)/(li.+i^) 

After calculation of Psio and P515 their ratio, i.e. 
P510/P513 representing the control value Is calcu- 
lated in real time. The address of each cell In 
terms of its X and Y coordinates are known and is 
stored together with its control value. After all the 
cells have been examined and their control values 
determined and stored it is very simple to deter- 
mine the cells having a control value of not less 
than 1.3. It is these cells that belong to the 
subgroup of interest. Once this determination is 
made all subsequent measurements or observa- 
tions of the response of the cells to various 
stimulating agents are performed on the cells in 
the subgroup only and all other cells are Ignored. 
For example only the cells In the subgroup are 
reexamined to determine which of them exhibit a 
change in the degree of polarization sufficient to 
identify them as active and thus capable of Iden- 
tifying a particular antigen. 

It should be apparent that to test each cell 
individually the optical analyzer 20 (Fig. 4) has to 
have an optical resolution in the range of one cell 
diameter which is achievable with a microscope 
objective. The carrier with the cells is stepwise 
displaced under the microscope from one perfo- 
ration to the neighboring one. A precise mechani- 
cal displacing system, as described in Fig. 16 is 
thus necessary. 

In another embodiment of the optical analyzer, 
the need to stepwise displace the cell carrier is 
avoided by using a laser as excitation light 
source. In Fig. 5 this embodiment is schematically 
illustrated. A laser beam 131 of appropriate 
wavelength passes through a controlled deflect- 
ing optical element such as, e.g., a rotating mirror 
130. The laser beam 131 has a cross-section 
which corresponds substantially to the size of a 
cell. By means of the deflecting element 130 the 
beam 131 scans the cells in the holes sequentially, 
thereby exciting each cell, one after the other. At 
any given time only one cell is hit by the laser 
beam and therefore only this cell emits fluoresc- 
ence light at that moment The optical analyzer 
131 X, disposed on the other side of the carrier 1 



has a visual field, covering the whole surface of 
the carrier 1. The moment of the receipt of an 
emission signal is the intensity of this signal 
correlated with the position of the scanning laser 
5 beam 131, hence each received and analyzed light 
signal is correlated with the position of the 
respective cell from which It has been emitted. As 
can be seen from Fig. 5 the excitation is made 
from the large side of the holes 2 in the carrier 1. 
10 For the optical analysis, on the other hand, emis- 
sion light leaving each hole through the narrow 
end Is preferably used for reasons which will be 
explained below. 
Having explained preferred analyzing systems 
IS using the invention, it should be well understood 
that analogous systems for measuring other para- 
meters may be used, provided that focusing on 
each single cell on the carrier is possible. 
Examples of measurable parameters include light 
20 intensity, optical density, index of refraction, elec- 
tromagnetic properties, absorption and scatter- 
ing. Furthermore, the scanning procedure is not 
limited to beams such as visible light, U.V., I.R. 
and electron optical systems, but may also 
25 Include probing via physical contact at each cell. 
Other examples of measurable or observable 
properties include nuclear magnetic resonance 
(NMR), pH value as well as cell morphology and 
changes thereof in response to different stimul- 
30 ants. For example, one can direct the output of a 
microscope pointed at any cell to a pattern 
recorder to produce a two-dimensional record of 
the cell's pattern. Cell temperature measurements 
and/or temperature changes may be performed 
36 and recorded. In summary, any one or more 
measureable or observable property of a cell may 
be performed on a cell by cell basis. Since the 
address of each cell is known one can always 
return to the same cell for additional 
40 measurements and or observations. All 
measurements and observations for each cell can 
be recorded to obtain unique information for each 
individual cell. This Information can be correlated 
to provide insight and diagnosis, heretofore unat- 
45 tainabie. 

An embodiment of the Invention for practical 
clinical use will now be explained in connection 
with Figs. 6A— 6C which show a modified holder 
40 for a plurality of cell carriers 1 . The holder 40 is 
50 wave-formed to enable its troughs 41 to be 
immersed in the solutions flowing through the 
channels 12 at a higher level. The cell carriers 
which are mounted on the bottom of the troughs 
41, can be wetted to rinse or otherwise stimulate 
66 the cells both from the upper and the bottom 
sides. Therefore, in this embodiment there is no 
need for flow directors, as previously explained In 
connection with Figs. 2A, 3B. As has been 
described In connection with Figs. 2A— 2D, the 
60 cell carriers positioned on the same trough 41 
belong to different patients. In spite of this there is 
no danger of any mixed lymphocyte stimulation 
effect because there Is no physical connection 
between carriers. Even if a cell would disconnect 
66 from one carrier, the chances of it being rinsed 
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out are much higher then that of it being 
deposited on another carrier. In Fig. 6A carriers 
are shown only in one trough. However in prac- 
tice for each patient a carrier is present in each 
trough. 

In Fig. 6C the carrier 1 is shown as being 
removable from holder 40. However to define its 
hole array in X and Y, it includes ears 8 locatable 
in indentations 9. 

Since the cell canriers 1 of the present embodi- 
ment are immersed in the solution flowing 
through each channel 12, the microscope of the 
optical system for cell scanning is provided with a 
quartz sleeve 42 (Fig. 6B) dressed on its objective 
cylinder. The channels 1 2 and the troughs 41 have 
dimensions which enable the relative movements 
of the objective and the carriers necessary for 
scanning the whole surface of each of the carriers. 

As indicated above, to select the subgroup of 
cells based on the above described control value 
the channels are first supplied with a PBS+FDA 
solution during the control measuring cycle for 
identifying the proper cells on each carrier 
belonging to the subgroup. Thereafter, for deter- 
mining the reaction of the selected ceils to differ- 
ent stimulating agents each channel is supplied 
by a different stimulating agent, e.g. phy- 
tohemaggiutinin (PHA), EF, CaBP, tumor extracts, 
or any other desired mitogen or antigen. Then the 
responses of only the selected cells are examined 
and recorded. 

For the above stimulators it was discovered that 
stimulation of cells by one stimulator, does not 
affect any following stimulation if the stimulator 
is rinsed and/or neutralized before the next stimu- 
lation test in order to prevent any direct inter- 
action or any competitive effect between them. 
Furthermore, it has been found that bonding the 
ceils to the carrier has no effect on their activa- 
tion. As a consquence, the stimulation procedures 
can be repeated on the same cell at the same 
location on the carrier, and this with different 
activating agents. Thus, an exact profile of the 
response of each individual cell of the subgroup 
to activation can be received as a function of time 
and it Is therefore now possible to know the exact 
number and response of the activated cells and 
their places on the matrix which remains the 
same during and after the above described 
measuring cycles. 

Most of the carrier holder systems, described 
above, were designed for top scanning. I.e., for 
analyzing the emitted fluorescence light from the 
large upper side of the holes in the carrier, which 
allows the use of the same optical system for 
optical examination and analysis of the cells. In 
alternative embodiments, which will be described 
herebelow, the optical analyzer is placed to 
receive the emission light passing through the 
narrow side or bottom of the holes 2, Thus, 
disturbing effects, caused by light emission of 
fluorescein, which leaks out of the cells and is 
present in their surroundings can be eliminated. 
The light emitted by the surrounding fluorescein 
represents an undeslred optical background. 



Looking at the cells from the narrow sides or 
bottoms of the holes permits the reduction of this 
background substantially, since the narrowing 
conus acts as a shield against undersired emis- 

5 sion light. Moreover, in the case of the excitation 
light entering the holes through their large sides, 
or tops, reflections at the conical walls may occur, 
whereby incident light as well as fluorescence 
light is reflected back. Another advantageous 

w effect, caused by carrying out the optical analysis 
in the mentioned way is that at every location on 
the carrier only the emission light of the cell 
trapped within the respective hole is received, 
whereas other cells which may In exceptional 

75 cases be present at the upper surface of the 
carrier do not influence the measuring results. 
Still another advantage resides in the fact that due 
to the smaller size of the openings it is much 
easier in practice to analyze the emission light of 

20 each cell separately, without the danger of cross- 
talking between adjacent cells if the adjusting 
mechanism of the optical system relative to the 
holes is not of extreme precision. 
By means of the Rgs. 7A, 7B, 8 and 9, various 

25 embodiments are illustrated which enable the 
optical analysis to be carried out as explained 
above. In a first embodiment for use with a 
microscope optical analyzer (Figs. 7A and 7B) the 
bottom wall 110 of the flow chamber comprises 

30 elastic (rubber) glass holders 111, each carrying a 
glass plate 112 adjusted relative to an above 
located cell carrier 1. The elastic glass holder Ill- 
provides a fluid-tight seal between the glass plate 
112 and the bottom wall 110 of the flow chamber 

35 ' and enables the objective 113 of a microscope to 
be moved close enough to the cell carrier 1 for 
scanning its Individual locations or holes from 
below (Fig. 7B). If the objective 113 of the 
microscope is in its lower position, the channel of 

40 the flow chamber then is opened to Its initial 
width. In a modification (Fig. 8) of this embodi- 
ment, the bottom and side walls of the flow 
chamber are integrally made of rubber. 
In a second embodiment (Fig. 9) the optical 

45 analysis is made from the upper side. However, 
the holder 114 for the cell carriers 1 is placed 
upside down on a bottom portion 1 15 of the flow 
chamber, after being provided with cells in a 
special unit (which will be described In connec- 

50 tion with Figs. 12A and 12B, such that the conical 
holes in the carriers 1 flare downwardly. In order 
to hold the cells in place and to effectively bond 
them to the carrier a pressure difference is 
applied between the bottom portion 115 (fig. 9) 

55 and an upper portion 116 of the flow chamber, the 
fluid in the bottom portion 115 having a slightly 
higher pressure than in the upper portion 116. 
Sealing ledges 117 prevent the two portions of 
the flow chamber from leaking. Using this 
60 embodiment the otpical analyzer of Fig. 4 can be 
used for scanning the cells on carriers 1 without 
giving up the above-described advantages. 

Returning now to the problem of providing the 
cell carriers with cells of a certain desired popula- 
65 tion or group, which in principle could be done in 
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substantiaiiy conventional manner as described 
before. Figs. 6, 7A and 7B illustrate a system for 
simulataneousiy separating said cell population 
from other groups of cells other than by the 
conventional disadvantageous methods of cell s 
separation. The present embodiment is also 
described with regard to the separation of lym- 
phocytes from the other blood celts, for use in the 
above described SCM-tests. 

As can be seen from Fig. 10 and Fig. 11 the w 
holder 50, which is Insertable onto the flow 
chamber of Fig. 6A rests on an arrangement of 
pipes 51, each being subdivided lengthwise in an 
upper part 53 and a lower part 52. The lower part 

52 forms a fluid (air or liquid) conduit of lower is 
pressure to drain liquids and improper blood cells 
from the upper part 53. The upper part comprises 
bridges 54, under which there are drainage holes 

55, and between which there are suction holes 56, 
aligned with the carriers 1 on the holder 50. In Fig, 20 
10 carriers for supporting cells from only one 
patient are shown. The upper and the lower parts 

53 and 52 are supplied by a fluid, say a PBS- 
solution. As becomes clear from the sectional 
view of Fig. 11, the fluid in the upper part passes 2S 
under the bridges 54 and through appropriate 
slots 57 In the holder 50. The fluid in the lower 

part 52 is forced by projections 58 to flow with a 
higher speed in the region of the draining holes 
55 and the suction holes 56, thereby creating a 30 
local subpressure in these holes. Therefore the 
fluid initially flowing through the upper part 53 is 
partly drawn to the lower part through said holes. 

A blood supply element 60, removably placed 
upon the holder 50, is provided for supplying the 3S 
carriers 1 with blood. Legs 61 of supply element 
60 prevent fluid from passing from one row of 
slots 57 in the holder 50 to another. 

As a theoretical basis for understanding the cell 
separation by the above unit, the following facts 40 
are emphasized: 

a) the size of the responding lymphocytes is 

b) the size of macrophages, granulocytes is 

"-20 M-35 |i; ^ 

c) the size of erythrocytes can reach 3 |i-5 p; 

d) there are large lymphocytes— 15 p; 

e) the size of the platelets— negligible; 

f) cells can burst when left In distilled water; 

g) the life span of an erythrocyte in distilled so 
water is much less than that of a lymphocyte. 

The cell carrier holder 50 is first placed on the 
pipe arrangement, such that the carriers of the 
first row (normal to the channels) are placed 
above the holes. The suppiy element 60 is placed 55 
with its legs 61 being on either side of the cell 
carriers. The whole system is assembled, as 
shown in Fig. 11. A syringe with full blood from a 
patient is placed in a syringe holder 62. In Fig. 11 
two such holders are shown for two different so 
patients. The blood flow in each of the pipes is 
controlled by applying suitable pressure on the 
syringe. Blood arrives at all the exits of pipes PI 
and P2 (from 2 different patients) after the first 
few pressure pulses. ss 



At a certain stage a pressure pulse will cause a 
drop of blood to fall on each cell carrier. The size 
of the holes in the carrier will not allow the blood 
to pass from one side of the cell carrier to the 
other. To this end a sub-pressure Is formed in the 
lower half of the separation pipe, as described 
above, by running PBS through this part of the 
pipe. The blood is sucked immediately under the 
carrier. 

The smaller celts will pass through the carrier 
and wilt be rinsed away with the PBS flow. Those 
with a size similar to that of the top of the holes of 
the carrier, e.g. 7 pm, will stop on the carrier and 
the biggest will rest above carrier. In order to 
prevent blocking of the carrier, the blood supply is 
stopped and PBS flows across the upper part of 
the matrix for washing away the bigger cells. 
Most of them are sucked into the drainage holes 
55 (Fig. 11). The minority of the cells get to the 
next carrier (in the direction of the stream) and 
pass out. As previously pointed out, all cell 
carriers, placed perpendicularly to the extension 
of the channels are filled with the blood of one 
donor. Therefore there is no problem of blood 
being mixed from different donors. 

In a next stage the upper flow is stopped and 
another drop of blood is dripped and the cycle is 
repeated as often as necessary. After a few drops 
of biood a so-called "upper bursting wash" is 
carried out The process is continued until the 
carrier is sufficiently filled. A rough test of this can 
be made by testing the electrical resistivity of the 
carrier after each drop. Distilled water flows for 
any desired time and causes the erythrocytes to 
burst. The distilled water causes cells to swell, 
and therefore, the erythrocytes burst, while the 
lymphocytes strengthen their hold in the carrier 
holes. At the end of the desired time interval PBS 
is introduced. The substances set free from the 
bursted erythrocytes cannot influence the 
lymhocytes since there is a permanent flow of 
solution washing these substances away electric- 
ally charging or recharging the matrix, or 
applying or terminating electromagnetic fields is 
analogous to vibrating the matrix via ultrasonic or 
other techniques which can also be used. This 
procedure can be added and correlated with the 
stages of washing. Less than 1 cc. of blood will be 
necessary from each patient P,, P2, etc. 

This separation process lasts about 5 minutes 
at the most There is no limit to the number of 
blood samples from which cells can be simul- 
taneously separated. The holder 50 is then 
removed from the separating system and inserted 
into the flow chamber of Fig. 4 for the optical 
scanning operation as described above. 

A similar separating system but adapted to the 
holder 114 of Fig. 9 will be explained by means of 
Figs. 12A and 12B. A base plate 120 is provided 
with channels 121 for fluid flow, causing the 
necessary local subpressure in the region 
beneath the carriers 1 and draining holes 55. To 
this end projections 122 are formed on the base of 
the channels 121. The holder 114 is removably 
placed on the base plate 120 so that its carriers 1 
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are aligned with the projections 122 as can be 
seen from Fig. 12B, such that their conical holes 
open upwardly, i.e. towards an overlying remov- 
able supply element 123 which is similar in 
function to the supply element 60 of Fig. 10. The 
supply element 123 may supply the cell carriers 
with cells merely by the action of pressure as has 
been explained in connection with Fig. 10. It is, 
however, possible to enhance the efficiency of 
blood supply by providing smearing elements 
which are displaceable with respect to the 
carriers, as illustrated in the Rgs. ISA, 13B, 13C 
and 14. In Figs. 13A, 13B and 13C an embodiment 
is shown, having slide plates 124 extending in the 
supply element 123 aligned with the channels 
121. 

At each outlet of a supply conduit a resilient 
smearing element 125 is arranged as can be seen 
from Figs. 13B and 13C. In Fig. 138 a cross-section 
of the smearing element 125, perpendicular to the 
direction of a slide plate 124 is shown, whereas 
Fig. 13C illustrates a cross-section along the 
extension of said plate 124. The width of the 
resilient smearing element 125 substantially 
correspond to the side length of a carrier and it 
forms a small outlet for linearly sweeping over 
the carrier surface, when moving the slide plate 
124, such that each carrier is coated by a thin layer 
of celts. Thereafter the above described washing 
steps are performed. 

In Rg. 14 another embodiment of the smearing 
element is shown in a cross-section, perpendicu- 
lar to a channel 121. In a swivelling bar 126 
extending along each channel 121 a blood con- 
duit 127 is formed, which at each carrier 1, is 
provided with an outlet,* having a distributing 
brush 128. When supplying blood to the carrier, 
the swiveling bar 126 is swivelled several times, 
thereby brushing the cells onto the carrier 1. 

While in the above embodiment blood supply 
and "rough" separation is performed by means of 
a special separation unit whereafter the holders 
40, 50 and 114, respectively, have to be placed on 
a flow chamber for optical scanning, in some 
cases it may be desirable to eliminate this step. In 
a further embodiment of the invention which is 
shown In Rgs. 15A and 158 the cell separation 
and the optical scanning operation are therefore 
combined in one apparatus. 

A supporting system 70 is provided with sur- 
face channels 71, 72 extending transversely to 
each other and inner conduits 73, 74 also extend- 
ing transversely to each other. At every junction a 
carrier 1 is arranged on a rotatable holder 75, a 
section of which is shown in Fig. 158. At its base a 
pinion 76 is formed which cooperates with a 
respective rack 77, extending through the 
supporting member 70. One rack 77 drives all the 
holders 75 of the respective column. Linear move- 
ment of this rack 77 causes rotation of the holders 
75. The direction of introducing blood for rough 
separation, i.e., for separating the group of lym- 
phocytes from the other group of blood cells, is 
perpendicular to the plane In which the cell carrier 
is scanned under the microscope. Thus, after 



separation of the lymphocytes from other blood 
cells the holders 75 are rotated 90* for the scan- 
ning operation, 
in order to make possible the technique of 

5 "transmitted light" (measuring light exiting the 
bottom end of a hole) in the above embodiment, 
the portion of the channel which crosses the 
holder 75 under the cell carriers is a pipe of glass 
78 which is divided lengthwise. This pipe is 

10 arranged so that its open side is directed towards 
the carrier (see Fig. 15B). In this way horizontal 
liquid flow through the holder is made possible, 
while at the same time light is transmitted in a 
vertical direction. The subpressure in this system 

IS is caused by making the Inner conduits 73, 74 
closed and thinner, while the upper channels 71, 

72 are wider and open. The same effect can be 
achieved by other techniques, such as increasing 
the flow rate in the inner conduits with respect to 

20 that of the upper channels. 

The procedure can be summarizd as follows: 
With the aid of a 0 — 90® controller the position of 
the holders 75 is determined. In a first stage, 
when the "rough separation" is carried out, the 

25 channels 71 and conduits 73 are in operation. 
Upon completion of this stage, the holders 75 are 
rotated by 90°. Thus the channels 71 and conduits 

73 are blocked or closed and the channels 72 and 
conduits 74 are opened. 

30 In this embodiment a blood drip-head may be 
attached to the scanning head, e.g. microscope. 
Then in response to. command signals from a 
controller, e.g. a computer the separation and the 
optical scanning are performed automatically and 

3S without need for a trained operator. The operator 
need only place the syringes, as shown in Fig. 6 
and to change the holders 75, after completion of 
the tests. 

In Fig. 16 to which attention is directed, an 

40 overall system of cell separation, scanning and 
analysis (diagnosis) is shown. A flow chamber 81, 
as described above, is mounted on a table 82 
which is displaceable in three axes X, Y, Z by 
respective computer controlled step motors 83, 

45 84, 85. The optical system includes a microscope 
86 with an optical analyzer 87, as described in Fig. 
4. An excitation light source 88, e.g. a zirconium 
lamp, uses the same optical system in reverse 
direction. In a solution tank 89 all the solutions 

so necessary, for cell separation and testing are 
stored. By a solution control unit 90 the supply of 
the respective solution is controlled. In order to 
stabilize the fluorescein concentration In the cells, 
which may influence the absolute polarization 

55 values, an electro-optical mechanical feedback 
control is used, wherein the intensity of the 
fluorescence emission light is periodically 
measured and compared with a reference value. 
Any deviation of the measured value from the 

60 reference value may be used to cause a change in 
the concentration of FDA in the PBS solution. The 
analysis of the measured value may be carried 
out by any well known computer system. A 
precomputer interface 91 serves to transform the 

55 measured values into computer-readable infor- 
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mation which is typically digital. In a computer 92 
the necessary calculations and identification steps 
are performed and stored in a memory 93. A post 
computer controller 94 generates the control 
signals for the step motors and the solution control 
unit 

The operation of the above system may be 
summarized as follows: After the rough separa- 
tion procedure, the flow chamber is fixed on the 
table 82. The microscope is adjusted. Henceforth 
the test proceeds automatically. A PBS+FDA sol- 
ution is introduced through the channels and 
conduits. Part of It penetrates through the carriers 
from the upper channels to the lower conduits and 
part of it continues to flow through the upper 
channels, washing the cells from above. After a 
chosen pause, e.g. 20 minutes, the scan begins. 
The polarization of every single cell is measured at 
the desired wavelengths. There is no danger of 
over-exposure of the cell to the exciting light, e.g. 
470 nm, because scanning is performed very 
rapidly. 

The optical information— after conversion into 
an electric current pulse — is fed into the computer, 
evaluated and stored in the memory. Every single 
cell is Identified In the memory according to Its 
coordinates, i.e. address on the carrier. From this 
stage on, everything that can be learned about 
each single cell will be stored in the computer 
relating to its address. 

The collection of data may be summarized as 
follows: The control values of cells of all patients 
whose carriers are aligned in one channel will first 
be determined. Then the scanning head will be 
transferred to the next channel (by lowering the 
table and moving It aside) and will be used in the 
determination of the control values of all the cells 
on the carriers aligned in the second channel. 
Simultaneously with the data collection from the 
second channel a stimulating solution will be 
introduced into the first channel. Upon termina- 
tion of thedata collection from the second channel 
the scanning head is transferred to the third 
channel and a second stimulating solution is 
introduced into the second channel etc. 

After date collection from all the carriers the 
scanning head will be retumed to its first position. 
Then the scanning operation is repeated on the 
stimulated cells. This time the data collection will 
be selective and only cells which meet the 
described optical criterion, i.e. those belonging to 
the particular subgroup, will be reread. Therefore, 
the information which will be accumulated in the 
computer will be cell position, control values, 
values of polarization after stimulation with PHA, 
values of polarization after stimulation with CaBP, 
SCM-response ratio, (See L. Cerceket al. in Europ. 
J. Cancer, Vol. 17, pp. 167--171, 1981), polariza- 
tion values after stimulation with specific tumor 
stimulators, and the like. 

The distinction between the cell carriers of 
different patients may be made by magnetic or 
optical coding which can be fixed on the holders 
during the rough separation stage. A magnetic or 
optic reader can be attached to the optical scan- 



ning head which will read the patient's code and 
transfer it to the computer. All the information 
pertaining to each patient may be transferred to a 
predetermined place in the computer memory. 
5 By this system the exact number of activated 
lymphocytes can be determined for every 
stimulating agent. To one familiar with the art, the 
present invention permits cancer diagnosis at a 
very early stage. Although the present invention 
10 has been described primarily in conjunction with 
cancer diagnosis it is obvious that the inventive 
method and system are not limited thereto. Gener- 
Ically they provide a method and means for rapidly 
conducting biological assays leading to new 
15 clinical diagnosis and treatment as well as to new 
applications In the field of biotechnology and 
bloengineering. 

As mentioned above, the exact position of each 
activated cell on a carrier is determined and stored. 
20 Therefore it is possible to isolate a desired group 
or subgroup of cells on the carrier by selectively 
removing all other cells from the carrier, so that 
only the subgroup of cells remains thereon, or by 
releasing and removing only the cells of the 
25 subgroup from the carrier. To this end use may be 
made of the known fact that cells are not electric- 
ally neutral but possess electrical surface charges. 
This fact may be used in the above described 
embodiments for bonding or otherwise securing 
30 the cells to the carrier. The same effect may be 
used to selectively release or hold desired cells. 
This may be achieved by a modified embodiment 
of the cell carrier of Fig. 1 A, which will be now be 
explained in connection with Fig. 17. The outer 
35 shape of the carrier 100 is the same as shown in 
Fig. 1A. However, carrier 10 is provided with 
electrical conductors 101 extending between the 
holes 102 in grid-like configuration and* being 
electrically isolated from each other. At the 
40 periphery of the carrier the conductors are con- 
nected in a known manner (IC-technique) to a 
computer controlled switching arrangement for 
selectively influencing the electrical potential of 
every conductor 101. For securing the cells to the 
45 carrier all conductors 1 01 may be held at the same 
potential opposite the cells' charge potential, 
resulting in electrical attraction of the cells. For 
releasing any cell, say the one In the hole marked A 
in Fig. 17, the neighboring conductors V^j, V^, Vy^, 
so Vy2 may be set to an appropriate potential to cause 
the ejection of the cell in hole A from the carrier. 

The cell carrier 100 may be produced by a 
multilayer technique, known from IC-production. 
In case an ionic solution, such as PBS, is used, 
55 measures should be' taken to avoid undesired 
influences of possible surface charges on the 
holder. For this purpose it may be isolatedly 
coated and provided with conducting elements 
ending In the channel. This would cause ions to be 
50 attracted and neutralized, thus preventing the 
formation of an Ion cover over the holder surface 
which may affect the potential of the carrier. 
Another possibility is to use nonrlonic, organic 
solutions such as lipids for flowing the carrier in 
65 this stage of the procedure. 
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The separation of particular cells in accordance 
with the invention from all other ceils is uniquely 
applicable in the field of clinical treatment in the 
production of clones. Clones may be produced 
from particular cells which were selected from 
other cells In accordance with the present inven- 
tion based on any chosen property. For example, 
it is well known that the body of a person, afflicted 
with certain diseases, e.g. skin cancer, produces 
indentlfiable cells to combat or kill the disease. 
However to be successful, a large number of such 
cells, hereafter referred to as killer cells, may have 
to be present in the body. With the present 
Invention, blood, lymph nodes and different body 
tissue, containing some killer cells, may be used 
as the source of such cells. After separating them, 
as heretofore described, from all other cells, the 
killer cells may be multiplied by appropriate cell 
growing techniques, and then introduced into the 
patient, from which the original cells were 
received to fight the disease. In such a case, no 
cell rejection is expected since the cells originated 
from the patient's body. Thus, the present inven- 
tion can be used to provide a person's body with 
enough ceils to fight its own afflication. 

It should be pointed out that whereas hereto- 
fore the separation between cells of interest on 
the carrier and other cells can be accomplished by 
expelling or removing either the cells of interest 
from the carrier so that only the other cells remain 
on it, or by removing the cells which are not of 
interest and leaving only the selected cells on the 
carrier, if desired one can produce such separa- 
tion by destroying such as by killing the cells 
which are not of interest while they are in aper- 
tures of the carrier so that the only live cells 
remaining on the carrier are the cells of Interest. 
The killing of cells In the apertures. I.e. in-situ may 
be achieved by directing a laser beam to each cell 
at its known address as well as by similar or 
analogous means. A killed cell, i.e. a dead cell 
even though on the carrier can thus be regarded 
as being separated or removed therefrom since 
for all practical purposes, once killed it is disre- 
garded. As used herein the term "expelling" of a 
cell is intended to include removing a cell from 
the carrier or killing it in-sltu. 

As to multiplying cells of interest It should thus 
be apparent that it can be done after: 

a) the cells to be multiplied were removed from 
the carrier bearing live cells which are not of 
interest on it; 

b) removing the cells which are not of interest 
from the carrier and thereafter multiplying the 
cells of interest for growth purposes; and 

c) killing the cells which are not of interest when 
they are still in the apertures and multiplying the 
cells of interest in-situ, i.e. while they are in their 
apertures of the carrier. 

While the principles of the invention have been 
described in connection with specific systems, 
applications and methods, it is to be understood 
that this description is provided for explanatory 
purposes only and is not intended as a limitation 
of the scope of the invention. 



Many new applications in biological research, 
clinical treatment and industrial production are 
opened by the present invention. It is expected, 
and has been established to a satisfactory extent, 

5 that there are optical parameters related to the 
cyclic phase of the cells. By this invention it is 
possible to differentiate a cell population accord- 
ing to the cells' age, their cycle stage and their 
Inherent function, and to conduct respective 

70 examinations. A clinical application of the above 
resides in eariy detection of leukemia which is 
characterized by the presence of a high number of 
young cells of a certian type or types In the blood, 
and in the bone marrow. 

IS As another clinical application immunoreactiv- 
ity tests for organ transplantations may bo per- 
formed. To this end a preparation of the trans- 
plant is used as stimulating agent in the inven- 
tion. 

20 A general and major feature and advantage of 
the invention is the fact that the time required for 
biological experiments and tests is substantially 
shortened since cell Identification and testing is 
carried out in a substantially shorter time than in 

25 conventional biological methods wherein natural 
developments often have to be reproduced under 
artificial conditions, leading to uncertain results, 
necessitating extensive statistical evaluations. 
The invention reduces the influences of the 

30 surroundings allowing numerical analysis with a 
minimum of statistics. The time requirement to 
perform measurements with the present inven- 
tion is very short in absolute terms as compared 
to the prior art, thereby reducing the effect of 

35 changes in the environmental conditions of the 
surroundings, such as temperature, humidity, etc. 

Although particular embodiments of the inven- 
tion have been described as Illustrated herein, it is 
recognized that modifications and variations may 

40 readily occur to those skilled in the art and 
consequently, it Is intended that the claims be 
interpreted to cover such modifications and equi- 
valents. 

45 Claims 

1. Apparatus for selecting particular biological 
cells from other cells and observing at least one 
selected property of the selected biological cells, 

so which apparatus comprises a substantially planar 
carrier (1) of preselected thickness and defining 
upper and lower surfaces and comprising an 
ordered array of apertures (2) therethrough, said 
apertures having a preselected configuration with 

55 preselected dimensions at the top and bottom 
surfaces, definable as top and bottom dimen- 
sions, respectively, whereby when the biological 
cells are disposed on said top surface, only 
selected cells of preselected dimensions are held 

60 substantially in said apertures with substantially 
one cell per aperture, characterised in that, the 
top dimension of each aperture is larger than its 
smallest Internal cross-sectional dimension and 
both the thickness of said carrier and the top 

65 dimensions of each aperture of the order of the 
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diameters of the selected ceils. 

2. Apparatus according to claim 1 wherein the 
top and bottom dimensions of each aperture are 
in the range of micrometers. 

3. Apparatus according to claim 1 wherein the 
apertures are dimensioned to hold lymhocytes, 
one per aperture. 

4. Apparatus according to any of claims 1 to 3, 
in which the precise location of each aperture is 
Identifiable by its position with respect to coor- 
dinates on the X and y axes of said planar carrier. 

5. Apparatus according to any of the preceding 
claims, which further Includes first structure 
means (10;4 0) for supporting said carrier at a 
defined location thereon, whereby each aperture 
of said carrier is located at a known location, 
definable as an address, with respect to said 
structure means, instrument means (Figures 4, 5, 
6B) for observing and/or measuring at least one 
cell property, and control means (94) for control- 
ling the relative movement and operation of said 
instrument means with respect to said carrier, 
and thereby enabling the observation and/or 
measurement of at least one cell property of a ceil 
in any particular one of said apertures, based on 
its address, to be effected. 

6. Apparatus according to claim 5 wherein said 
instrument means comprises optical scanning 
means (86, 87) for determining optical properties 
of any of said cells. 

7. Apparatus according to claim 5 wherein said 
first structure means (10) includes means for 
supporting a plurality of spaced-apart carriers, 
each carrier having cells in Its apertures, and 
second structure means (11) selectively posi- 
tionable relative to said first structure means, for 
enabling the cells on each of said spaced-apart 
carriers to be simultaneously stimulated by pre- 
selected matter, with said control means (94) 
being adapted to direct the relative movement of 
said instrument means with respect to any one of 
said carriers, and thereby enabling the observa- 
tion and/or measurement of at least one cell 
property of a cell in any particular one of said 
apertures, based on its address, to be effected. 

8. Apparatus according to claim 7 wherein said 
first and second structure means are positionable 
with respect to one another, whereby said cells 
are stimulatable by being wetted through either 
the top or bottom end of said apertures. 

9. Apparatus according to claim 7 wherein said 
second structure means Includes means for con- 
taining different stimulating matters therein, 
whereby cells in at least some of the apertures of 
said spaced-apart carriers may be stimulated 
simultaneously by said different stimulating mat- 
ters. 

10. Apparatus according to any of claims 1 to 6, 
and including also force producing means for 
attracting or expelling any of said cells to or from 
the apertures. 

11. Apparatus according to claim 10 wherein 
said force producing means comprises means 
arranged in a predetermined pattern with respect 
to said apertures for attracting or expelling one or 



more of said cells to or from the apertures by 
electromagnetic means (101). 

12. Apparatus according to claim 10 wherein 
said force producing means comprises means 

s (Figure 11) for producing a pressure difference 
across at least a selected portion of said carrier(s). 

13. Apparatus according to claim 10 wherein 
said force producing means comprises means 
(115, 116, 117) for enhancing the adherence of the 

w cells in said apertures. 

14. Apparatus according to any of claims 10 to 
13, wherein said first structure means (10) 
includes means for supporting a plurality of 
spaced-apart carriers, each carrier having cells in 

rs its apertures, and second structure means (11) 
selectively positionable relative to said first struc- 
ture means, for enabling the cells on each of said 
spaced-apart carriers to be simultaneously stimu- 
lated by preselected matter, with said control 

20 means (94) being adapted to direct the relative 
movement of said instrument means with respect 
to any one of said carriers, and thereby enabling 
the observation and/or measurement of at least 
one cell property of a cell in any particular one of 

25 said apertures, based on its address, to be 
effected. 

15. Apparatus according to claim 14 wherein 
said first and second structure means are posi- 
tionable with respect to one another, whereby 

30 said cells are stimulatable by being wetted 
through either the top or bottom end of said 
apertures. 

16. Apparatus accordiing to claim 14 wherein 
said second structure means includes means for 

35 containing different stimulating matters therein, 
whereby cells in at least some of the apertures of 
said spaced-apart carriers may be stimulated 
simultaneously by said different stimulating mat- 
ters. 

40 17. A method for selecting particular biological 
cells from other cells to facilitate the observation 
of at least one selected property of the selected 
biological cells, which method comprises sub- 
stantially covering with cells, including the 
45 selected cells of Interest, the upper surface of a 
substantially planar carrier of preselected thick- 
ness and defining upper and lower surfaces and 
comprising an ordered array of apertures there- 
through, said apertures having a preselected con- 
so figuration with preselected dimensions at the top 
and bottom surfaces, and said method including 
the step of washing the said upper surface of said 
carrier to remove cells not supported in said 
apertures whereby only selected cells of pre- 
55 selected dimensions are held substantially in said 
apertures with substantially one cell per aperture 
characterised by providing the top dimension of 
each aperture larger than its smallest internal 
cross-sectional dimension and both the thickness 
60 of said carrier and the top dimensions of each 
aperture of the order of the diameters of the 
selected cells, and the step of attracting any ceil to 
the aperture in which it is to be supported, or of 
expelling any cell from the aperture in which It Is 
65 supported, as a function of a known cell property. 
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18. A method according to claim 17 wliich 
further includes the step of treating the ceils in the 
carrier apertures following a prior stimulation 
substantially to return them to their prior state. 

19. A method according to claim 18 which 
further includes the steps of neutralizing the cells 
in the carrier apertures following a prior stimula- 
tion and then stimulating the cells with different 
matter. 

20. A method according to any of claims 17 to 
19 which includes the step of multiplying selected 
cells on the carrier In order to increase their 
number. 

21. A method according to claim 17 which 
Includes the steps of expelling selected cells from 
carrier apertures and subsequently multiplying 
them in order to increase their number. 

22. A method according to claim 17 which 
further includes the step of killing at least one cell 
which is not among the selected cells while the 
cell is in situ, namely in an aperture of the carrier. 

23. A method according to claim 22 which 
further includes the step of multiplying the live 
cells on the carrier in situ. 

24. A method according to claim 23 which 
further includes the step of observing the multipli- 
cation process of at least one cell which multiplies 
in situ. 

25. A method according to any of claims 17 to 

24, wherein the precise location of each aperture 
Is identifiable by its position with respect to 
coordinates on the x and y axes of sdid planar 
carrier. 

26. A method according to any of claims 17 to 

25, wherein said attracting and/or expelling step 
is effected by electromagnetic means. 

27. A method according to any of claims 17 to 
25, wherein said attracting and/or expelling step 
is effected by means for producing a pressure 
difference across at least a selected portion of 
said carrier. 

28. A method according to any of claims 17 to 
25, wherein the adherence of cells in said aper- 
tures in enhanced by means adapted for this 
purpose. 

Patentanspruche 

1. Vorrichtung zum Auslesen bestimmter biolo- 
gischer Zellen von anderen Zellen und zum Beob- 
achten zumindest einer bestimmten Eigenschaft 
der ausgelesenen Zellen, wobei die Vorrichtung 
umfal^t: 

Einen im wesentllchen ebenen Trager (1) vorge- 
gebener Dicke mit oberen und unteren Oberfla- 
chen und mit einer geordneten Anordnung von 
sich dadurch erstreckenden Offnungen (2), wobei 
die Offnungen eine vorbestimmte Konfiguration 
mit vorbestimmten Abmessungen an den oberen 
und unteren Oberflachen aufweisen, die als Ober- 
bzw. Bodenabmessungen bezeichnet werden, 
wodurch, wenn biologische Zellen auf die obere 
Oberflache aufgebracht werden, nur asgewahlte 
Zellen vorgewahlter Abmessungen in den Off- 
nungen im wesentllchen zuruckgehalten werden 



mit im wesentllchen einer Zelle pro Offnung, 
dadurch gekennzeichnet, daS die Oberabmes- 
sung jeder Offnung groBer ist als ihre kleinste 
Innere Querschnittsabmessung und die Dicke des 
5 Trdgers und die Oberabmessungen jeder Offnung 
von der GroSenordnung des Druchmessers der ^ 
gewahlten zellen sind. 

2. Vorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, daft Ober- und Bodenabmessun- 

10 gen jeder Offnung im Bereich von Mikrometern 
liegen. 

3. Vorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, daB die Offnungen (2) so bemes- 
sen sind, dalS sie Lymphozyten zurQckhalten, eine 

IS pro Offnung. 

4. Vorrichtung nach einem Oder mehreren der 
AnspQche 1 bis 3, dadurch gekennzeichnet, daB 
die genaue Lege jeder Offnung bestimmbar ist 
durch ihre Position mit Bezug auf Koordinaten 

20 von X- und Y-Achsen des ebenen Tragers. 

5. Vorrichtung nach einem oder mehreren der 
vorhergehenden Anspruche, dadurch gekenn- 
zeichnet, daB weiterhin erste Gerustmittel {10, 40) 
vorgesehen sind, um den Triger an einer 

25 bestimmten Stelle darauf zu stGtzen, wodurch 
jede Offnung des TrSgers an einer bekannten 
Stelle angeordnet ist, die als eine Adresse mit 
Bezug auf die Gerustmittel definlert werden kann, 
Instrumente (Fig. 4, 5, 6b) um zumindest eine 

30 Zeileigenschaft zu beobachten und/oder zu mes- 
sen und Steuermittel (94), um die Relativbewe- 
gung und die Arbeit der Instrumente mit Bezug 
auf den Trager zu steuern und dadurch die Beob- 
achtung und/oder Messung zumindest einer Zell- 

35 eigenschaft einer Zelle in einer beliebigen der 
Offnungen, ausgehend von Ihrer Adresse, zu 
ermoglichen, 

6. Vorrichtung nach Anspruch 5, dadurch 
gekennzeichnet, daB die Instrumente optische 

40 Untersuchungsmittel (86, 87) umfassen, um die 
optischen Eigenschaften einer beliebigen der Zel- 
len zu bestimmen. 

7. Vorrichtung nach Anspruch 5, dadurch 
gekennzeichnet, daB die ersten Gerustmittel (10) 

46 EInrichtungen aufweisen, um eine Vielzahl von 
voneinander eintfemt angeordneten Tragern zu 
stutzen, wobei jeder TrSger in selnen Offnungen 
Zellen aufweist und zweite Geriistmittel (11), die 
selektiv in Bezug auf die ersten GerQstmittel 

50 anordbar sind, um die Zellen auf jedem der 
voneinander eintfernt angeordneten Trager 
gleichzeitig durch eine vorgewahlte Materie sti- 
mulieren zu konnen, wobei die Steuermittel (94) 
dazu angepaBt sind, eine Relatlvbewegund der 

55 Instrumente zu steuern mit Bezug auf einen belie- 
bigen der TrSger, und dadurch die Beobachtung 
und/oder Messung zumindest einer Zeileigen- 
schaft einer Zelle in irgendeiner speziellen der 
Offnungen zur ermoglichen, ausgehend von ihrer 

60 Adresse. 

8. Vorrichtung nach Anspruch 7, dadurch 
gekennzeichnet, daS die ersten und zweiten 
GerQstmittel mit Bezug aufeinander angeordnet 
werden konnen, wodurch die Zellen angeregt 

65 werden kSnnen, indem sle durch entweder das 
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Ober- Oder das Unterende der Offnungen 
befeuchtet werden. 

9. Vorrichtung nach Anspruch 7, dadurch 
gekennzeichnet daS die zweiten GerOstmittel 
Einrichtungen aufweisen, um verschiedene Anre- 5 
gungsmittel darin aufzuweisen, wodurch Zellen 

in zumlndest einigen der Offnungen von im 
Abstand voneinander angeordneten TrSgern 
gleichzeitig angeregt werden konnen durch die 
verschiedenen Anregungsmittel. fo 

10. Vorrichtung nach einem oder mehreren der 
Anspruche 1 bis 6, gekennzeichnet durch Einrich- 
tungen, die eine Kraft aufbringen kdnnen, um 
beiiebige der Zellen an die Offnungen anzuzie- 

hen Oder von diesen abzustofSen. is 

11. Vorrichtung nach Anspruch 10, dadurch 
gekennzeichnet, daS diese kraftaufbringenden 
Mittel Vorrichtungen umfassen, welche in einem 
vorgegebenen Muster, bezogen auf die Offnun- 
gen, angeordnet sind, um eine oder mehrere 20 
Zellen von den Offnungen abzustoSen oder zu 
diesen anzuziehen durch elektromagnetische 
Mittel (101). 

12. Vorrichtung nach Anspruch 10, dadurch 
gekennzeichnet, daB diese Kraftmlttel Vorrich- 25 
tungen aufwelsen (Bg. 11), um einen Druckunter- 
schied aufzubauen Qber zumindest einem 
bestimmten Abschnitt des oder der Trager. 

13. Vorrichtung nach Anspruch 10, dadurch 
gekennzeichnet, daft die Kraftmittel Vorrichtun- 30 
gen umfassen (115, 116, 117), um das Anhaften 

der Zellen in den Offnungen zu verbessern. 

14. Vorrichtung nach einem oder mehreren der 
Anspruche 10 bis 13, dadurch gekennzeichnet, 

daft die ersten Gerustmittel (10) Einrichtungen 35 
aufweisen, um eine VIelzahl von im Abstand 
zueinander angeordneten Tragern zu stutzen, 
wobei jeder Tr§ger Zellen in seinen Offnungen 
aufwelst, und zweite GerOstmittel (11), die selek- 
tiv, bezogen auf die ersten GerOstmittel, ange- 40 
ordnet, werden konnen, um eine gleichzeitige 
Anregung der Zellen auf jedem der im Abstand 
voneinander angeordneten Trager durch eine 
vorgewahlte Materie zu ermoglichen, mit Steuer- 
mltteln (94), die angepaftt sind, um eine Relativ- 45 
bewegung der Instrumente mIt Bezug auf einen 
beiiebigen der Trager zu steuern und dadurch die 
Beobachtung und/oder Messung zumindest einer 
Zellelgenschaft einer Zelle in irgendeiner 
bestimmten der Offnungen, aufgrund ihrer so 
Adresse, zu ermoglichen. 

15. Vorrichtung nach Anspruch 14, dadurch 
gekennzeichnet, daft die ersten und zweiten 
Gerustmittel mit Bezug zueinander angeordnet 
werden kdnnen, wodurch die Zellen angeregt 55 
werden konnen, Indem s!e entweder durch das 
Bodenende oder das obere Ende der Offnungen 
befeuchtet werden. 

16. Vorrichtung nach Anspruch 14, dadurch 
gekennzeichnet, daft die zweiten Gerustmittel 60 
Einrichtungen aufweisen, um darin verschiedene 
Anregungsmittel zu enthalten, wodurch Zellen in 
zumindest einigen der Offnungen der im 
Abstand voneinander angeordneten Trager 
gleichzeitig durch die verschiedenen Anregungs- 6S 
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mittel angeregt werden kdnnen. 

17. Verfahren zur Auslese besonderer biologi- 
scher Zellen von anderen Zellen, um die Beob- 
achtung von zumindest einer ausgewihiten 
Eigenschaft der ausgewahlten biologischen zel- 
len zu vereinfachen, wobei diese Methode 
umfaftt, im wesentlichen mit den Zellen, ein- 
schlieftlich der ausgewahlten interessanten Zel- 
len, die obere Oberflache zu bedecken, eines im 
wesentlichen ebenen Tragers von einer vorge- 
wahlten Dicke, und der obere und untere Ober- 
flSchen aufweist und eine geordnete Anordnung 
von Offnungen dadurch aufwelst, wobei diese 
Offnungen eine vorgewShlte Konfiguration mit 
vorgewahlten Abmessungen an den oberen und 
unteren Gberflachen aufweisen und wobei die 
Methode einen Schritt beinhaltet, die obere 
Oberflache des Trdgers zu waschen, um Zellen 
zu entfernen, die nicht von den Offnungen gehal- 
ten werden, wodurch lediglich ausgewahlte 
Zellen von vorgewahlten Abmessungen im 
wesentlichen in den Offnungen zuruckgehalten 
werden mit im wesentlichen einer Zelle pro 
Offnung, dadurch gekennzeichnet, daft die 
obere Abmessung jeder Offnung grdfter als 
ihre kleinste innere Querschnittsabmessung 
und sowohl die DIcke des Tragers als 
auch die oberen Abmessungen jeder Offnung 
In der Grdftenordnung der Durchmesser der 
ausgewahlten Zellen geschaffen wird und daft 
der Schritt, eine beiiebige Zelle zu der Offnung 
anzuziehen, in welcher sie gehalten werden 
soli Oder be! dem die Zelle von der Offnung, 
in der sie gehalten wird, abgestoften wird, 
eine Funktion einer bekannten Zelleigenschaft 
ist. 

18. Verfahren nach Anspruch 17, dadurch 
gekennzeichnet, daft es welterhin einen Schritt 
aufweist, die Zellen in den Tr^gerdffnungen nach 
einer vorherigen Anregung so zu behandeln, daft 
sie Im wesentlichen in ihren ursprunglichen 
Zustand zurOckversetzt werden. 

19. Verfahren nach Anspruch 18, dadurch 
gekennzeichnet, daft es welterhin die Schritte 
aufweist, die Zellen in den Trageroffnungen zu 
neutralisieren nach einer vorhergehenden Anre- 
gung und sie dann mit einer anderen Materie 
wieder anzuregen. 

20. Verfahren nach einem oder mehreren der 
Anspruche 17 bis 19, gekennzeichnet durch einen 
Schritt, ausgewahlte Zellen auf dem Trager zu 
vervlelfaitlgen, um ihre Anzahl zu erhShen. 

21. Verfahren nach Anspruch 17, gekennzeich- 
net durch die Schritte, ausgewahlte Zellen von 
den TrSgerdffnungen abzustoften und sie 
anschlieftend zu vervielfaltlgen, um ihre Anzahl 
zu erhdhen. 

22. Verfahren nach Anspruch 17, gekennzeich- 
net, durch ferner den Schritt, zumindest eine 
Zelle zu toten, welche nicht unter die ausgewahl- 
ten Zellen fallt, wahrend die Zelle an Ort und 
Stelte befindlich ist, ndmlich in einer Offnung des 
Tragers. 

23. Verfahren nach Anspruch 22, gekennzeich- 
net durch ferner einen Schritt, die lebenden Zel- 
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len an Ort und Stelle auf dem Triger zu verviel- 
faltigen. 

24. Verfahren nach Anspruch 23, dadurch 
gekennzeichnet, daR es ferner einen Schritt auf- 
weist, den VervielfaltigungsprozelS von zumin- 
dest einer Zelie zu beobachten, weiche sich an 
Ort und Stelle vervle!faltigt. 

25. Verfahren nach einem Oder mehreren der 
Anspruche 17 bis 24, dadurch gekennzeichnnet, 
dali die genaue Anordnung jeder Offnung identi* 
fizlerbar ist durch ihre Lage in Bezug auf Koordi- 
naten von X- und Y-Achsen des ebenen TrSgers. 

26. Verfahren nach einem oder mehreren der 
AnsprQche 17 bis 25, dadurch gekennzeichnet, 
da6 der anziehende oder abstoftende Schritt 
durch elektromagnetische Mittel erreicht wird. 

27. Verfahren nach einem oder mehreren der 
Anspruche 17 bis 25, dadurch gekennzeichnet, 
daS der anziehende oder absto&ende Schritt 
durch Mittel bewlrkt wIrd, weiche eine Druckdif- 
ferenz Ober zumindest einen ausgewahlten 
Abschnitt des Tragers erzeugen. 

28. Verfahren nach einem oder mehreren der 
Anspruche 17 bis 25, dadurch gekennzeichnet, 
daB die Haftung der Zellen in den Sffnungen 
verbessert wird durch zweckdienliche Mittel. 

Revendicatlons 

1. Appareil pour selectionner des cellules bio- 
logiques partlculidres parmis d'autres cellues et 
pour observer au moins une propriete choisie 
des cellules biologiques selectionn^es, ledit 
appareil comprenant un support (1), sensibie- 
ment plan, d'une §paisseur preselectionn6e, et 
difinissant des surfaces supdrieure et infSrieure, 
et comprenant un r^seau ordonnd d'ouvertures 
(2) qui le traversent, lesdites ouvertures pr6sen- 
tant une configuration pr6s6lectionn6e avec des 
dimensions preselectionn^es au niveau des sur- 
faces de sommet et de fond, pouvant dtre d6fi- 
nies respectivement comme dimensions de som- 
met et de fond, d'oCi il resulte que, lorsque les 
cellules biologiques sont disposees sur ladite 
surface de sommet, seules des cellules s§lection- 
n^es de dimensions preselectionn6es sont main- 
tenues sensiblement dans lesdites ouvertures a 
raison de pratiquement une cellule par ouver- 
ture, caract^ris^ par le fait que la dimension de 
sommet de cheque ouverture est sup6rieure k sa 
plus petite dimension interne en coupe transver- 
sale, et d la fois I'^paisseur dudit support et les 
dimensions de sommet de cheque ouverture 
sont de Tordre des dlmetres des cellules selec- 
tionnees. 

2. Appareil selon la revendication 1, caracterise 
en ce que les dimensions de sommet et de fond 
de cheque ouverture sont de Tordre de microme- 
tres. 

3. Appareil selon la revendication 1, caracterisd 
en ce que les ouvertures sont dlmensionn6es 
pour maintenir des lymphocytes, h raison d'un 
par ouverture. 

4r Appareil selon Tune des revendicatlons 1 h 
3i caracterise en ce que Templacement precis de 



cheque ouverture est identifiable par sa position 
par rapport aux coordonn§es sur les axes des x 
et des y dudit support plan. 

5. Appareil selon I'une des revendicatlons pre- 
5 cedentes, caracterise en ce qu'll comporte en 

outre des premiers moyens porteurs (10; 40) 
pour supporter ledit support ^ un emplacement 
d6fini sur ceux-ci, d'ou il resulte que chaque 
ouverture dudit support est situee ^ un em pi ace- 

10 ment oonnu, pouvant §tre d6fini comme une 
adresse, par rapport auxdits moyens porteurs, 
des moyens d'Instrumentation (figures 4, 5, 6B) 
pour observer et/ou mesurer au moins une pro- 
priSt6 cellulalre, et des moyens de contrdle (94) 

ts pour contrdler le mouvement relatif et le fonc- 
tionnement desdits moyens d'instrumentation 
par rapport audit support, et permettant ainsi 
d'effectuer I'observation et/ou la mesure d'au 
moins une propn6t6 cellulaire d'une cellule dans 

20 n'importe quelle ouverture partlcullere parmi les- 
dites ouvertures, sur la base de son adresse. 

6. Appareil selon la revendication 5, caracterise 
en ce que lesdits moyens d'instrumentation com- 
pennent des moyens de balayage optlque (86, 

25 87) pour determiner des propriet^s optiques de 
n'importe laquelle parmi lesdites cellules. 

7. Appareil selon la revendication 5, caracterise 
en ce que lesdits premiers moyens porteurs (10) 
comprennent des moyens pour supporter une 

30 plurality de supports espaces les uns des autres, 
chaque support presentant des cellules dans ses 
ouvertures, et des seconds moyens porteurs (11) 
que Ton peut positionner de fagon selective par 
rapport auxdits premiers moyens porteurs, pour 

35 permettre aux cellules presentes sur chacun des- 
dits supports espaces les uns des autres d'etre 
stimul6es de fagon simultanee par une matidre 
preselectionn6e, lesdits moyens de contrdle (94) 
etant capables de dinger le mouvement relatif 

40 desdits moyens d'instrumentation par rapport k 
run quelconque parmi lesdits supports, et per- 
mettant ainsi d'effectuer I'observation et/ou la 
mesure d'au moins une propriety cellulaire d'une 
cellule dans n'importe quelle ouverture particu- 

4S li§re parmi lesdites ouvertures, sur la base de 
son adresse. 

8. Appareil selon la revendication 7, cdract6ris6 
en CO que lesdits premiers et seconds moyens 
porteurs sont aptes a etre positionnes les uns par 

50 rapport aux autres d'ou il resulte que lesdites 
cellules sont stimulables en etant humectees par, 
ou bien rextr§mit§ de sommet, ou bien I'extre- 
mite de fond, desdites ouvertures. 

9. Appareil selon la revendication 7, caracterise 
55 en ce que lesdits seconds moyens porteurs com- 
prennent des moyens pour contenir differentes 
matieres stimultantes k I'interieur de ceux-ci, 
d'ou II resulte que des cellules dans au moins 
quelques-unes des ouvertues desdites supports 

60 espaces les uns des autres peuvent etre stimu- 
lees de fagon simultanee par lesdites differentes 
matidres stimultanes, 

10. Appareil selon I'une des revendicatlons 1 a 
6, caracte[rise en ce qu'il comprend egalement 

65 des moyens produisant une force pour attirer ou 
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expulser n'importe laquelle parmi lesdites cel- 
lules vers les ou k partir des ouvertures. 

11. Apparell selon la revendlcation 10, caract6- 
rls6 en ce que lesdlts moyens produisant une 
force comprennent des moyens disposes selon 5 
un motif predetermine par rapport auxdites 
ouvertures pour attirer ou expulser une ou plu- 
sieurs desdites cellules vers les ou a partir des 
ouvertures par des moyens §lectromagnetiques 

(101). , 

12. Appareil selon la revendlcation 10, caracte- 
ris§ en ce que lesdlts moyens produisant une 
force compennent des moyens (figure 11) pour 
produlre une difference de pression a travers au 
moins une partie s6lectionnde dudit (ou desdits) JS 
support(s). 

13. Appareil selon la revendlcation 10, caracte- 
rise en ce que lesdlts moyens produisant une 
force compennent des moyens (115, 116, 117) 
pour augmenter l'adh6sion des cellules dans 20 
lesdites ouvertures. 

14. Appareil selon I'une des revendications 10 
k 13, caract6ris§ en ce que lesdlts premiers 
moyens porteurs (10) comprennent des moyens 
pour supporter une plurallte de supports espac§s 25 
les uns des autres, chaque support pr6sentant 

des cellules dans ses ouvertures, et des seconds 
moyens porteurs (11) que Ton peut positionner 
de fagon selective par rapport auxdits premiers 
moyens porteurs, pour permettre aux cellules 30 
prisentes sur chacun desdits supports espacds 
les uns des autres d'§tre stlmul6e de fagon 
simultanee par une matiere pres6lectionn6e, les- 
dlts moyens de contrdle (94) 6tant adapt6s pour 
diriger le mouvement relatif desdits moyens 35 
d'instrumentation par rapport k n'importe lequel 
parmi lesdits supports, et permettant ainsi d'ef- 
fectuer I'observation et/ou la mesure d'au moins 
une properi6te cellulaire d'une cellule dans n'im- 
porte quelle ouverture particuliere parmi lesdites 40 
ouvertures, sur la base son adresse. 

15. Appareil selon la revendlcation 14, caract6- 
ris6 en ce que lesdits premiers et seconds 
moyens porteurs sont aptes k ere positionnes les 

uns par rapport aux autres, d'ou il r6sulte que 4S 
lesdites cellules sont stimulables en 6tant 
humect^es par, ou bien I'extremitd de sommet 
ou bien I'extremite de fond, desdites ouvertures. 

16. Appareil selon la revendlcation 14, caractd- 

rls6 en ce que lesdits seconds moyens porteurs 50 
comprennent des moyens pour contenir dlffd- 
rentes matidres stimultanes a I'interieur de ceux- 
ci, d'oCi r^sulte que des cellules pr^sentes dans 
au moins quelques-unes des ouvertures desdits 
supports espaces les uns de autres, peuvant etre 55 
stimul^es de fagon simultanee par lesdites dlff6- 
rentes matieres stimulantes. 

17. Proc6d6 pour s^lectionner des cellules bio- 
logiques particul^res parmi d'autres cellules 
pour faciliter I'observation d'au moins une pro- 60 
priete choisle des cellules biologlques selectio- 
nees, ledit proc6d6 consistent k couvrir pratique- 
ment, avec les cellules, y comprls les cellules 
interessantes s6lectionn6es, la surface sup6- 
rieure d'un support senslblement plan, d'une 6S 



epaisseur prds6lectionn6e, et deflnlssant des sur- 
faces sup6rieure et Inferieure, et com pen ant un 
reseau ordonne d'ouvertures qui le traversent, 
lesdites ouvertures pr^sentant une configuration 
pr6s§lectionnee avec des dimensions pr^selec- 
tionnees au niveau des surfaces de sommet et de 
fond, et ledit proc6d6 comprenant I'^tape consis- 
tent k laver ladite surface sup^rieure dudit sup- 
port pour retirer les cellules non support6es dans 
lesdites ouvertures, d'oCi II r^sulte que seules des 
cellules s6lectionn6es de dimensions pr6s6lec- 
tionn6es sont maintenues sensiblement dans les- 
dites ouvertures k sont maintenues sensiblement 
dans lesdites ouvertures k raison de pratique- 
ment une cellule par ouverture, caract6rise par le 
fait que Ton prdvoit la dimension de sommet de 
chaque ouverture sup^rieure k sa plus petite 
dimension interne en coupe transversale, et k la 
fols r^paisseur dudit support et les dimensions 
de sommet de chaque ouverture, de I'ordre des 
dimdtres des cellules sdiectlonndes, et t'Stape 
consistant k attirer toute cellule vers I'ouverture 
dans laquelle elle doit dre support§e, ou k expul- 
ser toute cellule de I'ouverture dans laquelle elle 
est support6e, en fonction d'une propri6t6 cellu- 
laire connue. 

18. Proc§d6 selon la revendlcation 17, caracte- 
ris6 en ce qu'il comprend en outre I'^tape consis- 
tant k traiter les cellules dans les ouvertures du 
support aprds une stimulation pr6able pour les 
faire retourner sensiblement k leur 6tat prece- 
dent. 

19. Proc6d6 selon la revendlcation 18, caracte- 
ris6 en ce qu'il comprend en outre les 6tapes 
consistant k neutrallser les cellules dans les 
ouvertures du support aprds une stimulation 
pr6alable et, ensuite, k stimuler les cellules avec 
une matiere diff6rente. 

20. Procdde selon I'une des revendications 17 a 
19, caracterise en ce qu'il comprend I'^tape 
consistant k faire se multiplier des cellules selec- 
tionn§es sur le support de fagon a augmenter 
leur nombre. 

21. Proc6d6 selon la revendlcation 17, caracte- 
rise en ce qu'il comprend les 6tapes consistant k 
expulser les cellules s61ectionnees des ouver- 
tures du support et, ensuite, k les faire se multi- 
plier de fagon k augmenter leur nombre. 

22. Proc6d6 selon la revendlcation 17, caract6- 
rls§ en ce qu'il comprend en outre J'etape consis- 
tant k tuer au moins une cellule qui n'est pas 
parmi les cellules s6lectionn6es alors que la 
cellule se trouve in situ, a savoir dans une ouver- 
ture de support. 

23. Proc6de selon la revendlcation 22, caracte- 
rise en ce qu'il comprend en outre T^tape consis- 
tant k faire se multiplier les cellules vivantes sur 
le support in situ. 

24. Procede selon la revendlcation 23, caracte- 
rise en ce qu'il comprend en outre I'etape consis- 
tent k observer le processus de multiplication 
d'au moins une cellule que se multiplie in situ. 

25. Procede selon I'une des revendications V k 
24, caract6ris6 en ce que I'emplacement precis 
de chaque ouverture est identifiable par sa posi- 
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et/ou d'expulsion est effectuee par des moyens 
pour produire une difference de pression d tra- 
vers au moins une partle choisie dudit support. 
28. Procede salon Tune des revendications 17 k 
s 25« caract^rise en ce que Tadhesion des cellules 
dans lesdites ouvertures est augment^e par des 
moyens adaptes a ce but. 
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tion par rapport aux coordonn§es sur les axes des 
X et des y dudit support plan. 
. 26. Procede selon Tune des revendications 17 ^ 
25, caracterise en ce que ladite ^tape d'attractlon 
et/ou d'expulsion est effectude par des moyens 
6lectromagn§tiques. 

27. Procid^ selon Tune des revendications 17 h 
25, caracterise en ce que ladite 6tape d'attraction 
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Description 

[0001] The subject field concerns cellular separations employing devices having specificity for cell surface proteins. 
Particularly, the cellular source will be blood, spinal fluid, bone nnarrow, tumor homogenates, lymphoid tissue and the 
s like. 

[0002] There are numerous situations where it is of interest to isolate a specific class of cells orto remove a particular 
set of cells from a mixture of cells. Techniques which have been employed include fluorescence cell sorting, magnetic 
immunobeads, complement-mediated lysis, affinity chromatography, centrifugal elutriation and polystyrene panning of 
cells. Cells having substantial density differences, such as that between platelets and red cells can be grossly frac- 

10 tionated by gradient centrifugation methodologies. However, mammalian ceils with equivalent densities, such as tumor 
cells, lymphocyte subsets, granulocytes, or stem cells, require some form of separation using molecular recognitbn 
of surface markers which correlate with their phenotype. Similarly, such molecular mechanisms are required to separate 
viruses and bacteria from one another in complex mixtures. Each of the aforementbned methods have serious draw- 
backs for many applications, where there is interest in isolation or removal of particular subsets of cells. 

75 [0003] Disadvantages of fluorescence activated cell sorting for recovery of viable sorted cells are the slowness of 
the procedure, the fact that the isolated ceNs are coated with antibody, and the limited amounts of cells which can be 
obtained by the procedure. 

[0004] With Immunobeads, It is difficult to recover the cells from the beads after iseparation; the cells are frequently 
coated with antibody and magnetic beads, and distinct separations are only difficultly achieved. Complement mediated 

20 lysis is problematic for two reasons: first, depletion of target cells is incomplete, and second, non-target cells can be 
adversely affected by exposure to complement and the toxic by-products of target cell lysis. Affinity chromatography 
of cells using, for example, Sephadex G-10 coupled to antibody, suffers from poor recovery and inefficient depletion 
of target cells. Centrifugal elutriation is not capable of separating different phenotypic subpopulations of ceils of like size. 
[0005] The last methodology, panning developed by Wysocki and Sato. PNAS . 75:2844. (1978), utilizing passively 

25 adsorbed antibody on polystyrene, is particularly inadequate. Only low recoveries can be achieved, and the process 
suffers from lack of specificity and contamination of the separated cells with antibody. 

[0006] As the immune defense system becomes elucidated, it is increasingly evident that subsets of cells can have 
relatively narrow ranges of activities. Thus, subsets can be specialized for response to a particular disease, such as 
neoplasia, infection, viral or cellular, etc., response to transplants, and the like. It is therefore of great Interest to be 

30 able to identify and purify these subsets of cells, not only to understand their action, but also to use these cells for 
prophylactic and therapeutic purposes. In order to achieve the desired results, it is necessary that substantially pure 
populations of the desired subset or subsets of cells can be obtained. Furthermore, the cells should be: (1) free of 
antibodies on their surface, (2) viable, (3) capable of fulfilling their normal function and (4) responsive to activation by 
biologicals in the same manner as normal cells in their normal environment. 

3S [0007] According to the present invention, a method is provided for changing the cellular composition of a mixture 
of cells, the method comprising passing the fluid through a cell capture device so that the cells contact at least one 
internal flat polystyrene surface of the device which is a sheet, fibre, container wall or partition the surface having 
covalently bound at least one receptor specific for at least one llgand present on at least some of the cells In the fluid 
for sufficient time for the cells containing said ligand to specifically bind to the surface; and 

40 removing cells which are not specifically bound without significantly disturbing specifically bound cells. The cells 

may be released from the receptors by either biological activation resulting in ligand shedding and release or physical 
means such as pipetting, mechanical vibration or ultrasonic sound, as appropriate. The cells can be numerically ex- 
panded, subjected to biologicals or other factors for differentiation and/or activation, or the like, and may be used for 
research, diagnostic, prophylactic and/or therapeutic purposes. 

4S [0008] In the accompanying drawings: 

Fig. 1 is a schematic drawing of a process to prepare cells from peripheral blood or bone marrow for the captured 
device according to this Invention; and 

Fig. 2 is a diagrammatic view of the inside of a cell capture device. 

so 

[0009] Methods are provided for Isolating a particular population of biologically replicatable particles, particularly 
cells, from a mixture of particles by binding the population to a solid substrate through the intermediacy of one or more 
specific receptors. Optionally, the particles may then be treated In a variety of ways to affect the population size and/ 
or characteristics of the capturjed particles. The cells may then be released from the support substantially free of re- 
55 ceptor. 

[0010] The method will involve contacting a source of particles with receptor bound to a support In a collection device, 
where the population of the receptor on the surface provides for a high binding density for the ligand(s) of interest. The 
conditions for the contact are such as to allow for sufficient time and a low degree of turbulence to permit the particles 
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to specifically bind to tine receptor. After sufficient time for binding to occur, the medium may be removed and the 
surface washed to remove particles which are not specifically bound particles. Since the particles will normally be 
bound to the surface at a plurality of sites, so as to have a high binding avidity, the washing may be fairly vigorous to 
insure the substantially complete removal of all particles which are not specifically bound. The particles may then be 

5 subjected to a wide variety of conditions or treatments, usually involving contact with one or more reagents. Optionally, 
the medium containing the reagents may then be removed and the particles released from the receptors. Release may 
be achieved either by treatment with a combination of a mitogenic agent and a lymphokine or physical means such as 
pipetting, vibration or sonication. The particles may then be isolated and used for their intended purpose. 
[0011] The device finds application In a number of different situations. The first is a situation in which one wishes to 

10 capture and remove undesirable cells from physiological fluids, thereby depleting the fluid of the undesirable cells for 
therapeutic benefit, or diagnostic or research applications. This may be illustrated by depleting bone marrow of certain 
T-lymphocytes to diminish graft-versus-host disease. The bone marrow, depleted of the unwanted cells, Is immediately 
prepared for transplantation into the marrow recipient. 

[001 2] A second situation is to capture and recover certain cells from physiological fluids for research and diagnosis. 

IS Diagnostic applications may include capture and subsequent enumeration and description of captured (1) malignant 
cells from blood or other tissues, (2) viral or bacterlally infected mammalian cells. (3) viruses or bacteria or parasites 
themselves from physiological fluids, (4) human fetal cells for karyotypic analysis from blood, (5) transplanted cells 
from blood as an index of recovery from bone marrow transplantation, and (6) immune competent cells with a particular 
surface marker, such as the presence of the IL-2 receptor, indicating a state of activation. For research, one may be 

20 interested in (1 ) the genetic analysis or modification of captured cells, (2) analysis and modification of the physiology 
of certain classes of cells that may be activated or suppressed by a particular disease process and (3) at the molecular 
level, the surface membrane compositional analysis and nrKxJification of cells Involved in the pathogenesis of a particular 
disease. 

[001 3] The third situation lies in the capture and recovery of cells from physiological fluids for modification (activation) 
25 and return to the patient of origin for a desired therapeutic effect. The process involves cell capture and recovery, 
processing of the captured cells or depleted cell population which may result In numerical expansion and/or biological 
activation, and the subseiquent recovery and use of these cells.. 

[001 4] The third situation may be further divided into three levels of application. The first level is bbloglcal activation 
. of the captured/recovered cells themselves. Activation is performed without further fractionation of the cells. For ex- 

30 ample, in the case of an AIDS patient, CDS positive cells captured from peripheral blood can be expanded and activated 
for subsequent return to the patient of origin. The second level is selective activation. Captured and recovered cells 
are further processed or fractionated to provide a subset of captured celts, identified for example by antigen specificity, 
which are then activated and/or expanded. For example, certain antigen restricted subsets of the captured CDS positive 
cells can be selected by certain co-culture conditions and concentrations of lymphokines, which allow only the desired 

3S subset to be expanded and activated. A third level is in vitro generation of antigen specific patient-unique cells for 
activation or suppression of the immune function. Exemplary of this situation is monocyte or B-cell capture and exposing 
the captured monocytes or B-cells to a patient-specific immune complex or other antigens under conditions which 
augment monocyte or B-cell antigen uptake, processing, and presentation along with increased surface MHC expres- 
sion. One would then add a subset of effector or regulatory cells captured from the same patient to interact with the 

40 antigen-primed monocyte or B-cell. The process of antigen specific T-cell activation would occur, much in the manner 
that occurs in the lymph node of an intact animal or human. An additional example of cell modification made possible 
by the subject method is the introduction of exogenous genes via viral or other vectors or other means into the captured 
cells and the subsequent capture in a second device of the subpopulation of cells which express the exogenous gene, 
[0015] The cellular source may be any mixture of cells. However, it is desired to have a predetermined population 

45 which may be defined by single or multiple markers or plurality of markers or ligands. Cellular sources of interest from 
animal hosts may include organs, such as blood, brain, kidney, spleen, heart, intestine, bone marrow, cerebral spinal ■ 
fluid, lymphoid tissue, or the like, or neoplastic cells from any of the above organs. Other sources may be parasites, 
viruses or bacteria mixed with animal cells. The cells are employed in a flowable form, conveniently as a dispersion. 
Where the cells are not held together, as in blood, the blood will usually have red cells, platelets and plasma removed 

SO to provide for a mixture of white cells. Where the cells are held together by a membranous or other connecting material, 
the cells may be dispersed either mechanically or enzymatically in accordance with conventional techniques. The 
individual cells may then be dispersed in their appropriate nutrient medium for separation by the subject method. 
[0016] Wrth blood, red blood cells may be removed by agglutination, lysed with ammonium chloride, removed with 
. lectins or by centrifugation in accordance with known ways. Platelets and red blood cells may also be removed by 

55 gradient density centrigation,. employing Ficoll or Leukoprep and isolating the buffy coat, by centrifugation or the like. 
[0017] The various cell sources may be subjected to a variety of treatments In addition to those described above. In 
some situations, it may be desirable to concentrate the cells by any convenient means, followed by dispersion in an 
appropriate nutrient medium. In some situations it may be desirable to expand a particular population, where one can 
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selectively expand one groujD of cells as against another group of cells. For expansion, various mitogenic agents may 
be employed or interleukins, growth factors, orthe like. These cells will then usually be concentrated by any convenient 
means to substantially remove the medium in which they have been isolated or maintained. Usually, these cells will 
comprise at least about 10 vol % of the dispersion to be used and not more than about 90 vol %, so as to provide a 
s flowable dispersion. The concentration of cells introduced into the device Is conveniently based upon the surface area 
of the derivatized polystyrene surface and will vary widely, depending upon the frequency of the target cell in the input 
cell suspension. Usually, the concentratton wiHbeat least IxlO^cells/cm^ and not more than 1x10^0cells/cm2 usually 
from about 1x1 0^ cells/cm^ to 1 x1 O^/cm^. 

[0018] The separation device may take a wide variety of forms. For the most part, the device will be comprised of 

10 polystyrene surfaces, where the polystyrene is normally substantially free of cross-linking, less than about 0.5%, usually 
less than about 0.1%, preferably molded or extruded; so as to have a very smooth surface. Polystyrene surfaces of 
this nature allow for substantial uniformity of derivatization, where the orientation of the receptor provides for a high 
level of accessibility of binding sites. (It should be understood in referring to receptor, the term is entirely arbitrary. By 
receptor is intended a molecule which is able to specifically bind to a complementary molecule. Thus, for the purposes 

15 of this invention, the receptor may be a ligand, which includes both haptens and antigens, or a surface membrane 
protein which specifically binds to another molecule, such as an immunoglobulin, T-cell receptor, insulin receptor, etc., 
or a molecule which is found intracellularly, such as a steroid binding protein, or molecules which are found in body 
fluids, such as thyroxine binding globulin, lipoproteins, etc. Therefore, the membrane protein which binds specifically 
to the surface bound "receptor" is referred to arbitrarily as the "ligand." For convenience, they will be referred to jointly • 

20 as complementary members of a specific binding pair.) 

[0019] The f unctionalized polystyrene surface may be the surface of a wall, partition, sheet, hollow fiber, or the like. 
At least one surface is a flat surface. The device may take the form of a bottle, standard T flask, sheets, e.g., a bag or 
box with multiple separated sheets, cylindrical or serpentine sheets in a container, rectangular box, or the like. The 
choice of the device will depend upon convenience, the purpose of the separation, the interaction with other devices, 

25 the cell population of interest, the intended treatment, whether the population of interest is as a result of positive or 
negative selection, or the like. 

[0020] The surface will be derivatized by substitution of the benzene ring of the polystyrene with an electrophilic 
reagent, particularly by a Friedel-Crafts reaction in a solvent which does not soften or dissolve the polystyrene. For 
this purpose, sulfolane finds particular application. Relatively mild conditions may be employed and the benzene may 

30 be derivatized with a variety of agents, such as nitro, which may be reduced to amino, halomethyl, which may be used 
to form an amino, hydroxy, or thiol group, or a substituted N-hydroxymethy! acetamide where the substituent is an 
active halogen or pseudohalogen. A description of the reaction may be found in EPA 88-304516.3. 
[0021] The derivatized polystyrene surface may then be reacted with the receptor. Under the conditions of derivati- 
zation, it is found that a high percentage of the benzenes at the surface are derivatized, so that one may obtain a high 

35 density of receptor at the surface. 

[0022] Depending upon the nature of the receptor, various reactions may be performed for bonding the receptor to 
the surface. Of particular Interest is the bonding of proteins to the surface. Proteins can be bonded by contacting the 
proteins in an aqueous medium with the fuhctlonalized surface, having active halogen, activated carboxy groups, e. 
g. , esters, or the like, under mild conditions for sufficient time for complete reaction. Any remaining unreacted functional 

40 groups may be blocked by using an appropriate small molecule blocking agent. For example, active halogen may be 
blocked with aliphatic amines, thiols with maleimide, or the like. In some situations, there may be no need to bkx;k 
excess reactive groups, since they will not interfere with the subsequent steps in the process. The surface may then 
be washed to remove the non-specifically bound receptor and evaluated to insure that appropriate receptor binding 
has occurred. 

45 [0023] Depending upon the nature of the collection device, the contact with the cell containing medium will be varied. 
For example, with a roller bottle, one may introduce the medium into the roller bottle and then allow for slow revolution 
of the bottle over sufficient time for the cells to become bound. With a T-flask. or plates-in-a-bag/box configuration, 
one may allow the device to stand on a level surface or be slightly agitated on a shaking platform, followed by turning 
the device over and repeating the process on the other side. Similar techniques may be employed with other types of 

so containers. Additionally, the device may be centrifuged to press the target cells to the contact surface. 

[0024] Of particular interest, is a device which will be referred to as a collection bag/box. The bag/box will be a 
container of rigid or flexible walls containing polystyrene sheets superimposed or stacked one upon the other and 
separated from each other to allow for flow between the sheets. Packed cells as a result of concentration, e.g., gradient 
density centrifugation or centrifugation, would be allowed to flow into the bag/box which would be maintained in a 

55 horizontal position. The cellular dispersion would spread through the bag/box, so as to be in contact with substantially 
all of the receptor-coated polystyrene surface in the bag/box. After sufficient time for the cells to bind, the bag/box may 
be turned over so as to allow cells which are still dispersed or unbound to settle on the film surfaces which are now 
below them, so as to provide for efficient utilization of the surface. Alternatively, the bag/box may be centrifuged, once 
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on each side, to press the cells to the contact surfaces. 

[0025] The contact time will vary widely, depending upon the concentration of the ligand on the cell surface, the 
binding affinity of the receptor, the concentration of cells in the medium, the nature of the collection device, and the 
like. Usually contact times will be at least about 5 min and not more than about 1 20 min, usually from about 1 5 to 60 min. 
5 [0026] The cellular dispersion may be moved through the collection device by any convenient means. A pressure 
differential may be achieved through the collection device by means of pumping. Alternatively, gravity flow may provide 
for an appropriate flow rate. Any convenient technique which allows for a rate of flow of the cells permitting binding to 
the surface without significantly affecting their viability may be employed. 

[0027] The subject devices can be sterilized using gamma or electron beam radiation, without adversely affecting 
to the properties of the collection device. That is, the activity of the receptor is. retained, while at the same time retaining 
the covalent nature of its bonding to the surface. Thus, when the collection device is in use, substantially none of the 
receptor bound to the surface is lost. 

[0028] Once the cells have become bound to the surface, the collection device may be subject to a wide variety of 
treatments. Vigorous washing may be employed to remove non-adherent cells, since the adherent cells are bound 
^5 firmly to the surface at a plurality of contacts. The wash medium may be pumped in and out, ligands flowed through 
the device, or other means of mild but relatively vigorous agitation. The wash solution may be deionized water, saline, 
phosphate buffered saline, nutrient medium, or the like. The particular wash solution which is employed will usually 
depend upon how the cells are to be used. 

[002i9] Where the cell isolation is concerned with removal of cells from the cell population, (cell depletion), the cap- 
20 tured cells may be discarded and the depleted cell population harvested, subjected to any additional treatments, and 
then used for its intended purpose. 

[0030] For the most part, the subject invention finds particular application for cells which have been isolated for 
subsequent use. Depending upon the intended use, as well as the nature of the cells, the cells may be subjected to a 
wide variety of treatments. Particularly where one is concerned with the lymphoid or myeloid lineages, these cells may 

25 be treated to expand or modify the activity of a particular set or subset of cells. Thus, various factors may be added 
which result in the proliferation of the cells, activation of the cells, enhancement or reduction of one or more surface 
membrane proteins, and the like. Depending upon whether one wishes to have all cells bound during the treatment or 
allow for the formation of free cells, one can provide for an appropriate ratio of receptor to bound cells in the container. 
. By having a large number of receptors compared to the initially bound cells, any progeny will also become bound and 

30 retained on the surface. This may sen/e as an additional resolution, since other cells which may have been present 
and expanded will not become bound and may be removed from the collection vessel, 

[0031] For the most part, the cells of interest will be obtained from blood, bone marrow, solid tumors and lymphoid 
tissue. These cells may be divided into the lymphoid and myeloid lineages. The first lineage to be coiisldered will be 
the lymphoid lineage. This lineage may be further broken down into categories of B-cells and T-cells. B-cells are iden- 
35 tified by having sig as a surface marker and rearranged germline DNA at the immunoglobulin locus. T-cells, for the 
most part, have CD2 and/or CDS as surface markers and rearranged germline DNA at the T-cell receptor locus. The 
B- and T-cells will also include specific progenitor cells, although pluripoterit stem cells will be discussed separately, 
and in the case of B-cells, plasma cells are also included. 

[0032] Other specialized lymphoid cells which may be isolated by markers include: lymphokine activated killer (LAK) 
40 cells, natural killer (NK) cells, tumor infiltrating lymphocytes (TIL), antibody dependent cytotoxic cells (ADCC). cytotoxic 
T lymphocytes (CTL), etc. 

[0033] In the myeloid lineage, one may be interested in isolating monocytes, macrophages, eosinophiles, basophils, 
polymorphonuclear leukocytes, dendritic cells, etc. 

[0034] The B-cells may be expanded by treatment with various of the interleukins, 1 -7 or others, when discovered, 
45 particularly IL-1 , -2, -3, or the like. The B-cells may be selected by surface bound antigen, surface markers (e.g., CD20) 
or by specific binding to a soluble antigen, where such antigen may be added to the cells, so that those cells having 
a surface immunoglobulin which recognizes the antigen will bind the antigen to form a complex which is endocytosed 
and processed. A fragment of the antigen with the cell's MHC antigen will then be presented. By adding T-cells to the 
medium which are restricted by the B-cells, T-cells which recognize the antigen fragment will secrete lymphokines, 
50 resulting in proliferation of the B-cells. By providing for an excess of receptor on the solid surface or after release of 
the B-cells separating the cell population in a second collection device, one can substantially augment the number of 
B-cells and plasma cells which recognize the antigen of interest. 

[0035] Alternatively, B-cell fusion partners (hybridoma cells) or other B-cells from any source can be selected by 
. binding to a polystyrene surface which bears covalently bound antigen. Desired hybridoma or other B-cells bearing 
55 sIg reactive with polystyrene bound antigen will be captured on the polystyrene surface, allowing for antigen-specific 
selection of specific hybridoma or other B-cells. Captured cells can then be recovered and expanded according to the 
procedures described in the subject method. Alternatively T-cells or any cell containing a specific surface receptor can 
be captured by the polystyrene surface when said polystyrene surface contains said antigen covalently bound. 



5 



EP 0 405 972 B1 



[0036] Where one wishes to deplete a specific subset of B-cells, one nnay add the antigen conjugated to a toxin, 
employ antibodies specific for the surface immunoglobulin and complement or other selective cyto-toxic capability. In 
this way, one may selectively diminish the cells responsive to a particular antigen. Alternatively, antigen or a B-cell 
marker (e.g. , CD-20) can be immobilized on the polystyrene and the targeted B-cell population captured on the surface. 
s Particularly where memory cells exist, one can reduce the humoral response by substantially depleting the memory 
cell population to a particular antigen. 

[0037] The T-cell population is more varied than the B-cell population as to function. One may divide the mature T- 
cell population into CD4 MHC Class II restricted cytotoxic, helper or suppressor cells and CDS MHC Class I restricted 
cytotoxic and suppressor cells, where the cells have different functions and their expansion and depletion may be of 

10 interest. 

[0038] For either T-cell population (CD4 or CDS), It may be desirable to activate the T-cells which recognize a specific 
antigen. Many strategies can be used for this purpose. B-cells specific for a particular antigen may be exposed to that 
antigen and then used as antigen presenting cells to activate the particular antigen restricted T-cell subset. Alternatively, 
monocytes or macrophages may be employed as the antigen presenting cells. Macrophages may be preferred since 
IB they do not have the specificity of the B-cells for a particular antigen. Therefore, one would introduce monocytes and/ 
or macrophages, which have been pre-treated or treated concomitantly with the antigen, to the bound T-cells to provide 
for expansion of those T-cells which recognize the antigen fragment vyhen presented by the monocyte/nnacrophage in 
the context of the MHC. 

[0039] Biological activation of cells may be achieved as a result of a particular soluble or Immobilized lymphokine, 
20 e.g., IL-2, or by use of a specific binding compound, such as an antibody For example, T-cells may be selected using 
an anti-T-cell (e.g., CD-5) surface. The CD-5+ captured cells may then be released and introduced onto an activating 
anti-CD3 surface, or to a surface to which a lymphokine has been covalently bound. The cells will bind and become 
activated. After activation, the cells may be released by sonication, mechanical agitation or other convenient means 
and harvested. 

25 [0040] Of particular interest are stem cells, which may be obtained from bone marrow or peripheral blood. These 
stem cells may serve as the progenitors of one or more of the blood cell lineages. Isolation of the stem cells may be 
as a result of both depletion (negative selection) and/or positive selection. Thus, one may provide for a series of devices 
or device subsections where initially the receptors will bind to undesired cells for their removal of cells (negative se- 
lection) from the medium. The unbound cells may then be isolated, freed of the captured cells and further selected 

30 (positive selection) for cells with different markers associated with stem cells, leaving a bound population of cells, which 
may then be freed followed by further positive selection for a marker specific for a population which includes the stem 
cells. In this way other cells having the analogous final marker may be removed by the previous process step. 
[0041] Where cells other than blood cells are involved, cells of interest for isolation may include islets of Langerhans, 
glial cells, astrocytes, neurons, endothelial cells, epithelioid cells, stromal cells, stem cells, squamous cells, or the like. 

35 [0042] Substantially homogeneous populations, greater than about 95%, usually 98%, of cells may be achieved, 
where the cells may be in a quiescent or activated state. Cellular compositions may include any cellular population 
expressing a surface marker (ligand) recognized by the immobilized receptor. Such compositions include cells bearing 
any of the recognized leukocyte antigens of the CD (cluster designation series) or others recognized by monoclonal 
antibodies to specific cell surface ligands. Such compositions may include other blood cells, tumor cells, bacteria, 

"to viruses, or parasites similarly sharing a common surface marker. Virtually any cell population whose members share 
a surface llgand recognized by the immobilized receptor can constitute such a cellular composition. 
[0043] A great variety of autoimmune, neoplastic, infectious, metabolic, hematologic and immunologic diseases and 
conditions (the disease field) may be treated in accordance with this invention. Among autoimmune diseases ai'e 
diabetes, lupus erythematosus, and rheumatoid arthritis. Among infectious diseases are localized and systemic intec- 

45 tlons due to gram positive cocci, gram negative cocci, gram negative bacilli, anaerobic bacteria, mycobacteria, fungi, 
viruses, protozoa, etc. Among neoplastic diseases are all solid and hematologic malignancies. Among metabolic dis- 
eases are atherosclerosis and septic shock. Among hematologic diseases are sickle-cell anemia and familial hyperc- 
holesterol anemia. Among immunologic diseases and conditions are organ transplaritatton and immunodeficiency con- 
ditions. 

so [0044] These and other diseases or conditions may be addressed by the subject process as follows. By an alternative 
process, one may isolate Immune complexes associated with the autoimmune infectious or neoplastic disease (see- 
co-pending Application Serial No. 243,786, filed September 13, 1988). One can use the antigen obtained from the 
complexes to select for both B- and T-cells as described above which are activated by the particular antigen. Thus, 
one can remove blood from the host suffering from the autoimmune or neoplastic disease and either selectively deplete 

55 B- and/or T-cells associated with the disease or activate T- or B-cells to suppress the autoimmune disease or to detect 
and eliminate the neoplastic cells. In this way, one may provide for a remission, halt the progress of the disease, or 
the like. 

[0045] Alternatively, in cases of infection, autoimmune or neoplastic disease, one may provide for selection of B- 
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and T-cells reactive with the particular pathogen or disease antigen. In this case, one would wish to enhance the 
concentration of the B- and T-cells associated with the immune defense. Thus, complexes or antigens associated with 
the pathogen, autoimmune or neoplastic disease or the pathogen, autoreactive or neoplastic cell itself may be used 
to enhance the lymphoid cellular population associated with the defense against the disease. One may isolate the 

5 pathogen, autoreactive or neoplastic cell using the subject device, and use the isolated pathogen or cell as the immu- 
nogen or receptor, as defined above to capture the appropriate T- or B-cells active in the defense against the disease. 
Thus selected, these celts could be recovered, expanded, activated as described above for a subsequent return to the 
patient of origin. This technique may be used with a wide variety of diseases associated with viruses, e.g. , Al DS, HTLV- 
I, or II, bacteria, protozoa, fungi, helminths, and the like.. 

70 [0046] In addition, the subject method may be used for prophylactic and diagnostic purposes in the disease field. 
The subject method will also find use in research for detecting B-and T-cell responses, Investigating immune responses, 
identifying epitopes associated with autoimmune diseases, and ultimately used for gene therapy 
[0047] One may also use the device for producing monoclonal antibodies by activating B-cells, followed by immor- 
talization of the B-cells usually by fusion with an appropriate fusion partner. In this way, one can immunize human 

IS lymphocytes against antigens one could not normally administer to a human host and provide for double selection, 
initially for B-cells generally, followed by selection for those specific B-cells which are capable of binding to the antigen. 
Thus, one can greatly concentrate B-cells specific for the antigen to greatly enhance the probability of obtaining mon- 
oclonal antibodies specific for the antigen. 

[004iB] The cells may be isolated from the collection device by different ways. Of particular interest is the use of a 

20 mitogenic agent, such as phytohemagglutinin (PHA), in conjunction with a compound having growth factor-like activity 
such as an interleukin or growth factor, e.g.. interleukin-2 (IL-2), GM-CSF. etc. which results in release of the cells by 
shedding of the ligands on the cell surface bound to the receptor. The medium may be a standard tissue culture medium 
containing about 20 to 1000 units/ml IL-2 and about 0.1 to 5.0 ng/m! of phytohernaggiutinin. Alternatively, the cells may 
be released by physical methods such as mechanical disruption, particularly shearing, such as by vibration, vigorous 

25 pipetting or by sonication using an ultrasonicator and placing the collection device in a water bath. Conveniently, a 
Crest ultrasonics model may be employed. See Menssen. et al .. J. Immunol. Methods (1987) 104:1-6. 
[0049] In order to further understand the invention the figures will now be considered. Fig. 1 is a diagrammatic flow- 
chart of a process according to the subject invention using blood as the source of target cells. The drawing involves a 
first stage involving the separation vessel 1 0, where red blood cells and platelets are removed to provide a supernatant. 

30 The supernatant 12 is then transferred to a centrifuge. 14 having tubes 16, where the supernatant 12 is centrifuged to 
concentrate target cells 20 in the tubes 1 6. The target cells 20 are then transferred to a feeding vessel 22. which feeds 
the target cells through valve 24 into cell capture device 26. also depicted in Fig. 2. This process is not limited by the 
example cited. Any commonly used method to remove red blood cells, platelets and plasma can be used to achieve 
target cell population 20 from peripheral blood or bone marrow. Alternatively, solid tissue may be disaggregated by 

35 enzymatic or physical means to achieve target cell population 20. 

[0050] Cell capture device 26 has a plurality of polystyrene films or sheets 30 separated by supports 32. On the 
upperf ilms or sheets 30 are indicated the presence of receptors 34 designated as R. The receptors 34 are only indicated 
on a few of the films or sheets, indicating that the receptors are on both sides of the film or sheet, although it should 
be understood that all of the films or sheets are coated on both sides with receptors. Alternatively the cell capture 

40 device can be a T-flask, microliter plate, multiwell plate, roller bottle, cell farm or any other polystyrene vessel all or 
part of whose internal polystyrene surface has receptor immobilized to it. 

[0051] The cells enter the cell capture device 26 through conduit 36. When cell capture device 26 is substantially 
full, it is allowed to stand for sufficient time for the cells to settle and contact the receptors on the film or sheet below 
the liquid layer. After sufficient time for the cells to have settled and become attached, the cell capture device 26 may 
45 then be turned over so that cells which have not become specifically bound may settle on the reverse side of the films 
or sheets 30 and become bound to the receptors on that side. The cell capture device may then be washed by intro- 
ducing a wash solution through conduit 36 and allowing it to exit through conduit 40, so as to remove non-specificaily 
bound cells. 

[0052] One or more treatment solutions or cell suspensions may then be introduced to expand the number of captured 
50 cells, activate the captured cells, deplete a subset of the captured cells, introduce exogenous genes into the captured 

cells, or the like. After the treatment has been completed, the vessel may then be washed again to remove the treatment 

solution, cellular debris, or the like and an appropriate medium introduced to maintain the viability of the bound cells. 

The celts may then be released by adding a medium containing interleukin-2 and a mitogenic agent, or by taking the 
. cell capture device 26 and introducing it into an ultrasonic bath or subjecting it to mechanical vibration or vigorous 
55 pipetting. After a short period of such physical treatment or under relatively mild sonic vibration, the captured cells are 

released and may be harvested. 

[0053] The following examples are offered by way of illustration and not by way of limitation. 
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EXPERIMENTAL 

I. DEVICE AND PROCESS VALIDATION 

5 A. Synthesis of N-(hvdroxvmethvl) 2-bromoacetamide (HMBA) and generation of the bromoacetamide polystyrene 
surface (BA-PS). 

[0054] . Hf^BA Is synthesized by conventional means (Leonard et al.. J. Org. Chem . 50:2480 (1 985)) from 2-bromoa- 
cetamide, available from commercial sources, in the presence of formalin at pH 10, which provides a 93% yield of the 

10 starting reactant, N-(hydroxymethyl) 2-bromoacetamide (HMBA). 

[0055] The second step involves the generation of the bromoacetamide polystyrene surface (BA-PS). In this step, 
2M triflic acid and 0.2M HMBA, both in tetramethylene sulfone (sulfolane). are mixed 1 :1 in a volume sufficient to cover 
the inner surface of a polystyrene vessel being activated. The reaction is allowed to proceed at 27"C for 3 hours. The 
reaction solution is drained, the device washed with water, followed by ethanol, and the activated polystyrene chambers 

?5 are air dried. The resulting bromoacetamide polystyrene surface is stable in room air for six (6) months. 

B. Cell capture surface preparation, stabilization and sterilization . 

[0056] The next step is the receptor capture (the monoclonal antibody one wishes to covalently bind to the bromoa- 
20 cetamide-polystyrene surface). The monoclonal antibody of interest is diluted to approximately 0.01 - 0.05 mg/ml in 
phosphate buffered saline, pH 7.4. The appropriate volume of diluted monoclonal antibody Is introduced into the pol- 
ystyrene chamber and the reaction is allowed to proceed for from about two to twenty, preferably about 2 to 4 hours, 
at 27°C with rotation. The antibody remaining after the reaction is decanted and can be re-utilized up to 10 times in 
subsequent coating reactions. 

25 [0057] The antibody bound device is then washed ten times with phosphate buffered saline (PBS), pH 7.4, and the 
surface is then stabilized by the addition of 2% sucrose/0.27o human serum albumin (MSA), medical grade, to each 
device. The sucrose/albumin solution Is allowed to coat the surface, after which the excess sucrose/HSA solution is 
decanted and the stabilized polystyrene chambers dried 24-96 hours In a vacuum (<0.10 Torr) at 25'*C. After drying, 
the vacuum is broken with dry nitrogen and the device is flushed with inert, dry gas and capped tightly The device is 

30 sealed and then sterilized. Sterilization is achieved by irradiation with 2.7 ± 0.2 megarads of electron beam or gamma 
Irradiation. Sterility tests showed that the flasks were sterile after a 14 day in situ media incubation. 

C. Density of cell capture surface receptor 

35 [0058] A variety of surface functionalization groups were employed and tested for the stability of binding of antibody 
to the surface. The polystyrene was functionalized using N-(hydroxymethyl)2-haloacetamide, where the halo group 
was chloro, bromo or lodo; diazonlum and sulfonium. After monoclonal antibody attachment using these surfaces, the 
flasks were each washed 10 times with PBS and once with 1% SDS at 55**C for 14 hours. The plastic surface was 
then assayed for radioactivity of the labeled monoclonal antibodies and the results expressed as surface density for 

40 monoclonal antibody in ng/cm^. The bromoacetamide has a surface density of about 250 ng/cm^ of antibody, more 
than 2.5 times that achieved by adsorption on an lmmulon-2^'^ (Dynatek) surface. While the bromoacetamide provided 
the highest surface density, the surface density for the other functionalities fell between 200 and about 240 ng/cm^. 

D. Stability of capture surface receptor . 

45 

[0059] The stability of the antibody binding was determined by coating the surface with 0.02 mg/ml of (^^s) human 
IgG. The flasks were washed 5 times with borate-carbonate buffer, once with borate-carbonate buffer for 8 hours and 
twice with borate-carbonate washes over night. Aliquots of each wash were saved and assayed for radioactivity After 
the second wash, there was no evidence of any antibody leaching. In a second study, using an ELISA assay for the 
50 antibody bound to the surface, the results observed showed that the amount of extractable antibody was less than the 
detection limit of the assay, (7.7 ng/ml). 

E. Density of cell capture by derivatlzed polystyrene surface . 

55 [0060] Because the receptor-derivatized polystyrene surface retains its optical clarity, the density of the captured 
cells per unit area of derivatlzed polystyrene can be calculated by direct microscopic visualization. For most cell capture 
applications, the density of bound cells approaches the closest packing of spheres on a monolayer For lymphocytes 
of mouse or human origin, the binding density is from 0.5x1 0® cells/cm^ to 1x10® cells/cm^. Depending upon the fre- 
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quency and size of the target cell in the Input cell suspension, the density of bound cells can vary widely, from 1x10*^ 
cells/cm2 for large, rare target cells to greater than 1 0^ ^ cells/cm^ for small, abundant cells or particles, such as bacteria 
or viruses. 

5 F. Specificity of cell capture by the derivatized. polystyrene surface . 

[0061] Cell binding to the functionalized polystyrene surface is specifically determined by the receptor bound to the 
polystyri3rie. The following experiment Illustrates the specificity of cell binding. Mononuclear cells were prepared from" 
peripheral blood by standard histopaque centrifugation and diluted to 3x1 0^ cells/ml of PBS. An aliquot of the input 

10 was reserved for phenotype analysis by flow cytometry. The cell suspension was added to T-25 flasks which contained 
on their Internal bottom surface, a purified monoclonal antibody covalently bound by the subject method with specificity 
for either (1 ) Thy 1,2 (a murine T-cell marker), (2) CDS. (3) CDS, or (4) an equimolar mixture of CDS and CDS antibodies 
(human T-cell markers). Cells were allowed to Incubate for 30 min, then rocked gently and allowed to settle for an 
additional 30 m In. Non-adherent cells (those not attached to the flask surface) were recovered by decanting and aliquots 
were also reserved for phenotype composition analyzed by flow cytometry. In all cases, except the Thy 1.2 flask In 
which no cells were seen bound to the flask, microscopic examination of the flasks showed confluent cell binding, at 
a density of 0.5x10^ cells/cm2 Flow cytometric analysis was performed on all input and efflux (non-adherent) cell 
populations for the niarkers CDS, CDS (human T-cells), GDI 4 (human monocytes). CD16 (human NK-cells) and CD20 
(human B-cells) and the relative frequencies of these markers in input and efflux compared for each flask. The results 

20 show no differences between input and efflux for the Thy 1.2 flask. The CDS and CDS flasks showed respectively, 
. greater than 98% depletion of CDS and CDS cells in the efflux, and the CD5/8 flask showed depletion of CDS and CDS 
cells to a degree equivalent to that of either the monospecific CDS or CDS flask. The markers for monocytes and NK- 
cells and B-cells showed relative enrichment in the efflux as they were not captured by the flask. These data show that 
(1) cells are quantitatively and specifically captured by the cell capture device, (2) the functionalized surface does not 

25 exhibit non-specific cell binding, and (3) more than one cell phenotype can be captured simultaneously by a bl-derl- 
vatized polystyrene surface. 

G. Process for cell recoverv from the capture device 



30 [0062] Two techniques were employed to recover cells from the capture device. Both show quantitative cell recovery, 
good viability, absence of monoclonal antibody on the surface of the recovered cells and full biological activity for both 
replication and function. The first method, called lymphokine release, was tested with CD8+ cytotoxic T-cells captured 
from normal human peripheral blood according to the subject method described above. After decanting of the non- 
adherent cells and verifying confluent binding by microscopic obsen/ation, standard tissue culture media supplemented 

55 with recombinant IL-2 (300 units/ml) (usually between 20 and 1000 units/ml) and phytohemagglutinin (PHA:Gibco 0.1 
mg/ml) (usually between 0.1 and S.O mg/ml) were added. After 48 to 72 hours of culture, the captured CD8+ cells 
spontaneously detach f i-om the flask, leaving all the monoclonal antibody covalently attached to the polystyrene surface. 
[0063] The captured CDS cells were shown to be free of surface-bound monoclonal antibody by flow cytometry 
arialysis using fluoresceinated anti-mouse antibody. None of the released CD8+ cells were positive for surface mouse 

40 igG. Furthermore, the flask can be re-used for cell capture by washing in PBS containing 4M MgCI which regenerates 
the capture surface. Such re-used flasks perform consistently for 4-6 cycles after which repeated washing reduces the 
bound antibody activity. Further proof of retention of the antibody by the polystyrene surface Is provided by In situ 
polystyrene blotting studies In which radiolabeled anti-mouse antibody Is reacted with the derivatized polystyrene, 
washed vigorously and the surface either assayed by autoradiography or by direct scintillation counting. In both sets 

45 of experiments, the polystyrene surface is fully saturated with bound monoclonal antibody indicating retention of the 
antibody in the device. 

[0064] The detached cells, recovered by decanting, can be expanded numerically In standard tissue culture chambers 
supplemented with IL-2 and phytohemagglutinin. Viability by Trypan blue exclusion was shown to be greater than 98% 
and the recovered, homogeneous cell population could be expanded by two orders of magnitude over a period of about 
so todays. 

[0065] The second method for cell recovery, called ultrasonic release, utilizes an ultrasonic bath (Crest Ultrasonics 
model #H-4HT-1014-6) with an output of 40 to 90 kHz sonic output (main frequency at 40 kHz) evenly distributed 
through a water bath by means of the Crest NAibra-bar The power supply delivers SOO watts at 40 to 90 kHz. The 
. ultrasonic bath has an immersion tank of 10 x 14 inches, holding a volume of 6 gallons of fluid which contained one 
55 litre (O.S" from the tank bottom) for sonication in the subject studies. Immersion tanks of various sizes are commercially 
available. The capture device containing the bound cells is immersed in the one litre of fluid in the ultrasonic bath and 
the power supply and power application time experimentally determined. Depending upon the cell phenotype, times 
and powers varied: For example, CD4+ T-cells: 78% max power. 17 sec; CD8+ T-cells: 30% max power, 20 sec; Leu 
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19 cells: 75% max power, 10 sec, etc. 

[0066] To demonstrate that the cells recovered by sonication were still viable and retained their physiological activity, 
CD16+ NK-cells were recovered by sonication at maximum power for 1 5 to 20 seconds. The cells recovered by soni- 
cation (1 ) were greater than 85% viable by Trypan blue exclusion, and (2) were extremely active in a lytic assay routinely 
5 utilized to quantitate NK-cell activity. Using flow cytometric analysis, cells recovered by sonication were shown to be 
free of monoclonal antibody, as were cells recovered by the mitogen/lymphokine drive method described above. Thus, 
in cells recovered by both methods, the antibody remains behind when the cells are recovered, providing viable, ho- 
mogeneous, fully functional cells free of monoclonal antibody. 

''O H; Phenotypic homoqeneitv of released cells . 

[0067] Previously (section F) analysis of input and efflux (non-captured) cell phenotypes showed that cell binding by 
the cell capture device is specified by the monoclonal antibody covalently bound to the device surface. In this section, 
data are presented to confirm and extend these findings by analyzing by flow cytometry the cells. recovered from the 

15 device by tymphokine release. Mononuclear cells from peripheral blood of normal human volunteers vyere prepared 
by standard histopaque centrlfugatlon as described and Introduced at a concentration of 3x1 0^ cells/ml PBS into cell 
capture devices containing either CDS or CD4 monoclonal antibody covalently bound to the inner surface. After stand- 
ard incubation and decanting of non-attached cells, the captured cells were recovered by incubation for 48 hours with 
IL-2 and PHA as described in section G. The recovered cells were then phenotyped by flow cytometry and cultured in 

20 standard culture media supplemented with .IL-2 and PHA. Aliquots of cells were sarnpled periodically over 6-25 days 
in culture for. flow cytometric analysis. The data show greater than 95% homogeneity for CD4+ and CD8+ surface 
markers on recovered cells from the CD4 and CD8 devices, respectively at time zero (immediately after recovery from 
the device). More importantly, as the recovered cells logarithmically grow in culture, their phenotypic homogeneity is 
presen/ed, with cultures maintaining greater than 95% purity for CD4 and CD8 markers, respectively, over the 6-25 

25 day culture period. Released cells are therefore homogenous in phenotype and their homogeneity is maintained during 
in vitro toaarithmic growth. 

I. Numerical expansion of released cells . 

30 [0068] CD8-»^ cells recovered by lymphokine drive from a CD8 capture device using human peripheral blood mono- 
nuclear cells from six (6) different individuals were cultured In standard culture media supplemented with IL-2 and PHA 
(300 units/ml and 0.1 |ig/ml, respectively) in standard culture vessels in a humidified incubator at 37°C. Cells were 
sampled for viability by Trypan blue exclusion and cell number by hemocytometer counting periodically over 25 days 
of culture. Each individual's cells were kept separated from the others. The data show greater than 95% cell viability 

55 and a two log increase in cell number over 20 days. These data demonstrate the capability of cells recovered from the 
capture device to exponentially expand in number in standard tissue culture. 

J- Induction of proliferation of recovered cells by Immobilized CD3 monoclonal antibody . 

40 [0069] In this study, CD8+ cells han/ested from peripheral blood of normal volunteers were captured in the subject 
device containing CD8 antibody and recovered by lymphokine drive. The recovered cells were then cultured in either 
standard tissue culture flasks using standard tissue culture medium supplemented with recombinant IL-2 and PHA, or 
cultured in the subject device with covalently-bound anti-CD3 monoclonal antibody using standard medium without 
supplementation with either recombinant IL-2 or PHA. Duplicate flasks with the anti-CD3 monoclonal antibody were 

45 employed. At time zero, equal numbers of cells were loaded, respectively, into flasks A. B and C (A=standard tissue 
culture flask with IL-2/PHA supplemented media; B and 0=003 subject device without IL2 or PHA). After-five days in 
culture, each culture, was split into two aliquots and replated in identical flasks under identical culture conditions. Cells 
were then recounted at day 9. resulting in the following fold-expansions between days 5 and 9: A:2.7; B:2.55; C:6.75. 
Control cultures in which CD8+ cells were cultured in standard tissue culture vessels without IL-2 or PHA supplement 

50 failed to grow at all. Thus, cell expansion was achieved at the same or greater multiple using immobilized anti-CD3 
antibody and the subject device as compared to IL-2/PHA supplemented media in a standard tissue culture flask. 
These data demonstrate that by immobilizing a T-cell activating monoclonal antibody (CD3) to the polystyrene surface 
according to the subject method, T-cell activation/proliferatran can be achieved by the immobilized monoclonal in the 
. absence of soluble activation factors (IL-2/PHA) in the culture medium. 

55 



10 



EP0 405 972 B1 



n. SPECIFIC EXAMPLES. 



A. BoniB marrow transplantation . 



10 



IS 



[0070] In this first example, T-cell depletion for bone marrow transplantation is exemplified. Data indicate that the 
CD5+ and CD8+ T-cells which are present in bone marrow material cause graft-versus-host disease. A device as 
described above was prepared using monoclonal antibodies to CDS and CDS positive human T-cells. Aliquots of human 
bone marrow obtained from normal human volunteers were Introduced into a subject device and the cells incubated 
as described. Non-adherent cells were recovered, phenotyped and subjected to in vitro cultures to quantitate enrich- 
ment for progenitor cells compared to input non-fractloned marrow. The following tables indicate typical results. 

TABLE 1 



Depletion of T-cells 


(% depletion of input) 


CDS 


CD8 


GD4 


CD14 


CD16 


CD19 


91 


96 


65 


-129 


-29 


4 



20 



2S 



30 



3S 



40 



4S 



TABLE 2 



Enrichment of Progenitors 



(% enrichment over input) 



CFU-EU 



513 



BFU-E 



633 



CFU-GM 



376 



CFU-M 



311 



CFU-G 



244 



cyte 



CFU-EU = colony forming units, erythroid units 

BFU-E = burst forming units, erythroid 

CFU-GM = colony forming units, granulocyte-mono- 

CFU-M = colony forming units, monocyte 
CFU-G = colony forming units, granulocyte 



[0071] The data in the tables show specific depletion of CD5+ and CD8+ cells (CD14+, CD16+ cells are enriched, 
CD19+ cells are unchanged) and 2-6-fold enrichment for progenitor cells. These data illustrate the use of the subject 
method to specifically deplete cells causing graft-versus-host disease while enriching for the desired progenitor cells. 
[0072] In the second example of bone marrow transplantation applications, the ability of the subject device to con- 
centrate a particular rare cell population in a mixture of cells from bone marrow or peripheral blood is demonstrated. 
The cells to be concentrated are progenitor stem ciells from human bone marrow In this example, the subject device 
incorporates a CD34 monoclonal antibody covalently bound to the polystyrene surface. In the first case of this example, 
human bone marrow samples were introduced into the CD34 subject device, the cells incubated as described, the 
non-adherent cells recovered by decanting and the captured cells recovered by sonicatlon. The three fractions, input, 
non-adherent and adherent cells, were assayed for CFU-C, a standard assay for progenitor cells. The following table 
shows the results: 



TABLE 3 



so 



55 





CFU-C/25,000 Cells 


Input cells 


3 


Non-adherent cells 


0 


Adherent cells 


44 



[0073] The data indicate a 1 5-fold increase in progenitor cells achieved by the subject device and the subject method 
of cell recovery by sonicatlon. 

[0074] In the second case of this example, peripheral blood mononuclear cells were introduced into another CD34 
subject device. Non-adherent cells were recovered by decanting, adherent cells were again recovered by sonicatbn. 
Aliquots of the input and adherent cells were analyzed for CD34+ phenotype. The input ceils were less than 0.1% 
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positive for CD34+ cells. The adherent cells recovered by sonlcation were 1 5% CD34+ Indicating the utility of the subject 
device and method for recovering viable progenitor cells from peripheral blood. 

B. Anti viral cellular therapy, e.g.. AIDS 

[0075] In the next exampte, a process for the treatment of viral infection, e.g.; AIDS, is exemplified. The technique 
Is to expand CD8+ cells by capturing CD8+ cytotoxic T-cells from peripheral blood mononuclear cells. The captured 
CD8+ cells are then recovered by a brief culture in medium containing a lectin and recombinant IL-2 (lymphokine drive), 
followed by expansion of the detached cells In standard tissue culture vessels for 14 to 28 days prior to final washing 

to and collection for reinfusion into the patient of origin. 

[0076] Specifically, peripheral blood human mononuclear cells (PBMC) concentrated with Ficoll-Hypaque were in- 
troduced into a T-150 polystyrene flask with a antl-CDB monoclonal antibody covalently attached. After one hour of 
incubation, the blood was decanted and tissue culture medium supplemented with IL-2(300 unit/ml) and PHA (0.1 pig/ 
ml). After 48-72 hours of culture, the CD8+ cells spontaneously detach from the flask leaving the antibody covalently 

fs attached to the surface of the polystyrene as demonstrated by flow cytometric analysis showing the absence of mon- 
oclonal antibody on the surface of the detached cells. The detached cells are then expanded in a standard tissue 
culture chambers supplemented with IL-2 and PHA as above. 

[0077] Analysis by flow cytometry showed the population to be 1 00% positive for CD3 and 98% positive for CD8 cell 
surface markers. The phenotype of the captured cells is consistent with the description reported for cytotoxic lym- 

20 phocytes bearing the CD8 surface marker. 

[0078] Captured CD8+ cells from six healthy donors were shown to grow logarithmically for up to 1 5-36 days in culture 
with the media containing IL-2 and PHA as above. Analysis of the cells during growth at days 7, 1 0, 1 5 and 25. show 
that the CD3+, CD8+ phenotype was persistent (greater than 98% positive) throughout the 25 days expansion. In a 
lectin-dependent cellular cytotoxicity assay using concanavalin A-coated-CEM cells, the composite lytic activity of cells 

25 from five different normal donors was determined. Substantial lysis was obsen/ed at effector-to-target ratios ranging 
from 2.5 to 1 0. These same CD8+ cells after expansion show no lysis of normal autologous PBMC from healthy donors. 
Thus, these cells have normal cytotoxic activity to appropriate target cells, while lacking autoimmune cytotoxic activity 
[0079] These cells were investigated to determine whether they had undergone changes which might make them 
susceptible to immune attack by autologous PBMCs. The results of two experiments from different donors in which 

30 the donor PMBC response to chromium-labeled.self and non-self Cp8 cells were examined showed that lysis occurred 
only for non-self CD8+ cells after in vitro priming with non-labeled, non-self CD8+ cells. Thus, the CD8+ cells do not 
undergo surface phenotype alterations which after reinfusion into the patient of origin, might render them targets for 
an autoimmune process. 

[0080] These cells were shown to retain antigen-specific, MHO restricted cytolytic activity after isolation and expan- 
ds sion. CD8+ cells were han/ested from EBV (Epstein Barr virus)-positive healthy donors and tested for specific cytotox- 
icity against chromium-labeled EBV-infected mitomycin C-treated autologous B-cells. During co-cultivation, reduced 
doses of IL-2 were added to the medium to allow for the selective expansion of CD8*- cells with specific reactivity 
against EBV-infected MHC restricted autologous B-cells. The protocol for this assay was to include a control in which 
CD8+ cells were grown but not primed and then subjected to the chromium release assay on day 9 and thereafter The 
40 experiment included: (1) an aliquot of cells subjected to the chromium release assay on day 0 before priming, (2) 
another aliquot primed on day 0, primed again on day 7, and then subjected to the chromium release assay on day 9 
and thereafter. The results were as follows: (1 ) CD8+ cells not exposed to EBV-transformed autologous B-cells showed 
no lytic activity. (2) control cultures utilizing CD8+ cells from EBV-sero-negative healthy donors also showed no lytic 
activity whether primed or not primed, (3) with primed CD8+ cells from EBV-seropositive donors, at effectortarget ratios 
45 in the range of 3 to 1 2.5, percent specific lysis ranged from 25 to about 45. These results demonstrate that the CD8+ 
cells harvested and expanded after 1 4 days of cold culture demonstrate antigen-specific MHC restricted cellular cyto- 
toxicity appropriate to the antigenic milieu of the host. 

[0081] In the next study, CD8+ cells were obtained from HIV-positive volunteers. The cells were harvested from Ficoll- 
Hypaque PBMC as described above, captured with a CD8 subject device and recovered by lymphokine release as 

so described. Logarithmic growth for 18 days in culture with nearly 100% viability was achieved with CD8+ cells from HIV- 
positive donors. The CD8-*^ phenotype was substantially retained (greater than 95% positive CDS) during in vitro ex- 
panslon. These cells exhibited appropriate cytotoxicity against lectin coated CEM cells and exhibited no NK-like lytic 
activity against K562 targets. In addition, the CD8+ cell showed no suppressor activity in a B-cell immunoglobulin 
synthesis assay. The cells are not transformed, requiring constant IL-2 to remain in growth phase. The cells do not 

55 produce HIV virus and, after washing, are lymphokine, PHA and monoclonal antibody free. 

[0082] The expanded CD8+ cells showed stable phenotype, normal lytic activity, maintained the absence of markers 
for other types of cells, and were capable of cytolytic activity against appropriate target cells. Most importantly these 
CD8+ cells exhibited an inhibition of autologous HIV virus replication in vitro . This was established by combining CD4+ 
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cells infected with HIV with autologous expanded CD8+ cells. Complete repression of HIV replication was achieved at 
as low a CD4:CD8 ratio as 1 :0.25 after 7 days. Different time periods and different CD4:CD8 ratios were involved with 
different donors, but in all cases, HIV repression was complete in the autologous setting, lasting for up to 35 days in 
culture (the longest period tested). 

s [0083] In summary, these data show that CD8+ cells captured from PBMCs by the subject method and recovered 
by lymphokine drive: (1) are phenotypically pure, (2) are capable of exponential growth in vitro . (3) are phenotypically 
stable during exponential growth, (4) are capable of potent, appropriate cytotoxic activity, (5) are capable of repressing 
HIV replication in autologous CD4+ cells when the CD8+ cells are captured from HIV seropositive donors, (6) show, in 
general, MHC and antigen restricted cytotoxicity, (7) show no autoreactivity, (8) show no auto recognition, (9) show no 

10 suppressor cell activity, (10) are not transformed, (11) do not produce HIV.virus, and (12) do not retain residual bio- 
logicals derived from the culture process after washing. These cells are suitable for a variety of therapeutic applications, 
including AIDS, cytome-galovirus infections, EBV infections, toxoplasmosis infections, etc. Furthermore, the CDS*^ 
cells, when isolated by the subject method from tumors or lymphoid homogenates from cancer patients, show sub- 
stantial anti-cancer activity, as shown in the next example. 

IS 

C. Tumor infiltrating lymphocyte . 

[0084] Cell suspensions obtained by enzymatic digestion of tumors or lymphoid tissue from cancer patients were 
introduced into devices containing CD4 or CD8 monoclonal antibody bound to the surface. After capturing the CD4+ 

20 or CD8+ cells and recovering them by either sonication or lymphokine drive, the recovered cells were shown to be 
greater than 98% viable and greater than 95% phenotypically pure CD4+ or CD8'^ cells, respectively. In all cases 
examined, either the purified CD4+ or purified CD8+ cells exhibited at least as much autologous Xuimor cytotoxicity as 
the unseparated starting tissue suspension. The purified population did not exhibit non-specific killing of allogeneic 
tumor. The purified population were capable of logarithmic growth, maintaining viability phenotypic homogeneity and 

25 autologous tumor cytotoxicity The phenotype of the cytotoxic cell varied among tumor types, CD8+ predominating for 
melanoma and squamous cell carcinoma. CD4'^ predominating for renal cell carcinoma. 

D. Lymphokine activated killer cells (LAK) . 

30 [0085] In the next example, antl-CD5, anti-CD14 and anti-CD20 monoclonal antibodies were employed in subject 
devices to deplete PBMCs to enrich by negative selection for NK-cells. The antibodies were shown to be capable of 
depletion of the CDS"^ phenotype by greater than about 98%, the CD1 4+ phenotype by greater than 50% and the CD20+ 
phenotype by greater than 90%. To obtain LAK cells, 1 .5 X 10® mononuclear cells were added to the collection device 
containing CD5 monoclonal antibody. After incubating for 30 min, the non-adherent cells were recovered by decanting. 

35 and transferred to a device containing covalently bound antl-CD14 antibody. After incubation, the non-adherent cells 
were again recovered by decanting and transferred to a third device, this one containing CD20 monoclonal antibody 
covalently bound to the surface. Incubation was again for 30 min at room temperature. The third population non- 
adherent cells were then cultured in I L-2 for 48 to 72 hours and their lytic activity assayed in standard 4-hour chromium 
release assays using K562 for NK activity and COLO-205 cells for LAK activity. The percent specific lysis for different 

40 effector to target ratios was determined where the effector to target ratio varied from 2.5 to 20. Using cells from several 
different normal donors, the enrichment of LAK activity varied from 50% to 300% over input cells cultured under identical 
conditions. 

[0086] The cell population derived from the subject device was shown to be substantially enriched for LAK precursors, 
virtually free of T- and B-cells and significantly depleted of monocytes. The phenotype of the LAK precursor purified 

4S by the subject device was found to be CD3-, CD1 6+ and Leu 1 9+. 

[0087] In the next study, the question of whether the lytic unit activity was increased out of proportion to the phenotypic 
enrichment of NK cells in the purified samples was addressed. The lytic units were calculated for the input and purified 
fractions per 10® NK effector cells. A 2 to 50-fpld increase in lytic units per 10® NK effector cells is achieved with the 
three step monoclonal antibody negative depletion method described. This established that the monocyte, B-cell. T- 

so cell depletion protocol increased by a factor of 2 to 50, the lytic unit activity expressed per NK effector cell. This increase 
is achieved by the removal of other cells that directly or indirectly exert inhibitory influences on LAK activity See Nil, 
et al .. jnt. J. Cancer (1 988) 41 :33-40; Hoyer, etal ., Cancer Res . (1 986) 46:2834-2938. These authors report the down 
regulation by activated autologous monocytes of human lymphokine I L-2 activated killer cell activity. The subject pro^ 
. cedure achieved a 90% reduction in total cell number resulting in the saving of culture resources required to perform 

55 the NK activation; and a 2 to 50-fold augmentation in lytic activity expressed on a per-NK effector cell basis. 

[0088] The data presented above demonstrate that the subject methodology improves the efficacy of IL-2/LAK ther- 
apy, decreases the cost of the therapy, and reduces the toxicity of the procedure by lowering the total number of cells 
obtained by leukapheresis necessary to generate the targeted total lytic activity for re-infusion after IL-2 activation. 



13 



EP0405 972B1 

E. Suppressor-inducer cells . 

[0089] In a similar manner to the previous procedures, the monoclonal antibody 2H4 which binds to the suppressor/ 
inducer cell, a cell which induces specific suppressor cells, can be utilized to harvest, recover, activate and expand 
5 suppressor/inducer cells to treat autoimmune disease. The suppressor/inducer cell would be positively selected from 
PBMCs, recovered from the collection device by sonlcation, expanded and activated numerically according to the prior 
procedures. These expanded and activated suppressor/inducer cells could then be reinfused to the patient of origin 
with the autoimmune disease in question, which would result In the induction of suppressor cell activity appropriate to 
the patient's pathophysiology. 

10 [0090] The above results demonstrate the power of the subject device and process in isolating a wide variety of cells 
with different surface markers. The procedures may be used in research, diagnosis and therapy Furthermore, the 
procedure allows for collection, expansion and activation of cells while retaining a very high percentage of viability of 
the cells. In addition, antigenic components of blood or tissue may be taken from a patient, such as immune complexes 
or tumor cells or normal tissue and used to activate or deactivate specific responses to an antigen or cell. Thus, cellular 

^5 responses may be provided to a wide variety of diseases, including: genetic diseases, where stem cells may be trans- 
fected so as to modify their phenotype; autoimmune diseases, where suppressor cells may be used to suppress an 
immune response; cancer and viral diseases where killer cells may be used in their treatment; and pathogen derived 
diseases where helper and B-cells may be used in protection against a wide variety of pathogens. 
[0091] All publications and patent applications cited in this specification are herein incorporated by reference as if 

20 each individual publication or patent application were specifically and individually indicated to be incorporated by ref- 
erence. 

[0092] Although the foregoing invention has been described in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be readily apparent to those of ordinary skill In the art In light of the teachings 
of this inventbn that certain changes and modifications may be made thereto. 



Claims 

A method of changing the cellular composition of a mixture of cells, the method comprising passing the fluid through 
a cell capture device so that the cells contact at least one internal flat polystyrene surface of the device which is 
a sheet, fibre, container wall or partition the surface having covalently bound at least one receptor specific for at 
least one ligand present on at least some of the cells in the fluid for sufficient time for the cells containing said 
ligand to specifically bind to the surface; and 

removing cells which are not specifically bound without significantly disturbing specifically bound cells. 

A method according to claim 1 wherein the fibre Is a hollow fibre and/or the composition comprises a physiological 
fluid. 

A method according to claim 1 or 2 further comprising, after the removing step, releasing the bound cells, sub- 
stantially free of the receptor, so as to obtain a composition of specifically bound cells. 

A method according to claim 3 wherein releasing is by a physical method or comprises treatment with an interleukin, 
growth factor and/or a mitogenic agent. 

A method according to any preceding claim wherein the cells are hematopoietic cells. 

A method according to any preceding claim further comprising contacting the specifically bound cells, optionally 
free of cells which are not specifically bound, with at least one of an activating agent, an antigen, a cell capable 
of binding to a surface protein of the bound cell, an immune complex, a mitogenic agent, a transfection vector, an 
activating antibody, or a cytotoxic agent. 

A method according to claim 1 or 2 for use in the preparation of a therapeutic cellular conhposition for treating a 
patient, wherein the receptors comprise monoclonal antibodies. 

A method according to claim 6 further comprising expanding the population of the specifically bound cells. 

A method of obtaining a therapeutic cellular composition comprising specifically bound cells being substantially 
free of receptor, the method comprising a method according to claim .1 and releasing cells, that have been bound 
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to the surface which contains covalently bound receptors specific for at least one ligand present on the. specifically 
bound cells, from that surface. 

10. A method according to claim 9 wherein the release is by sonication or comprises treatment with an interleukin, 
growth factor and/or a mjtogenic agent. 

11. A method according to claim 9 further comprising expanding the population of the specifically bound ceils. 

12. A method according to claim 9 or 10 wherein the receptors comprise monoclonal antibodies. 

1 3. A method according to claim 7 or 1 2 wherein the therapeutic cellular composition Is suitable for use In bone marrow 
transplantation, 

the mixture of cells comprises bone marrow cells from a bone marrow donor; and 
the monoclonal antibodies are specific for CDS and/or CDS. 

14. A method according to claim 12 wherein the antibodies are specific for CDS and CDS. 

15. A method according to claim 7 or 12 wherein the therapeutic cellular composition Is suitable for use in transplan- 
tation, 

the mixture of cells comprises peripheral blood or bone marrow; and 
the monoclonal antibodies are specific for CD34. 

16. A method according to claim 7 or 12 wherein the therapeutic cellular composition is suitable for use in gene therapy, 

the mixture of cells comprises peripheral blood or bone marrow; and 
the monoclonal antibodies are specific for CD34. 

1 7. A method according to claim7 or 1 2 wherein the therapeutic cellular composition is suitable for treating an individual 
infected with a virus; 

the mixture of cells is a composition of peripheral blood mononuclear cells; and 
the monoclonal antibodies are specific for CDS. 

18. A method according to claim 7 or 12 wherein the therapeutic cellular composition is suitable for treating a patient 
with a neoplasm, 

the mixture of cells comprises a tumor or lymphoid cell or tissue suspension from a patient with a neoplasm; and 
the monoclonal antibodies are specific for CDS or CD4. ' 

19. A method according to claim 7 or 12 wherein the therapeutic cellular composition comprises lymphoklne activated 
killer cells, 

the mixture of cells comprises peripheral blood mononuclear cells; and 
the monoclonal antibodies are specific for CDS, CD 14 or CD20. 

20. A method according to claim 7 or 12 wherein the therapeutic cellular composition is suitable for treating an au- 
toimmune disease, 

the mixture of cells comprises peripheral blood mononuclear cells; and 
the monoclonal antibodies are specific for suppressor-inducer cells. 



Patentanspruche 

1. Verfahren zum Andern der zellularen Zusammensetzung eines Zellgemlschs, welches Verfahren das Durchleiten 
der FIQsslgkelt durch eine Zelleinfangvorrichtung in derartiger Weise umfafBt, daB die Zellen mrndestens eine in- 
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terne flache Polystyrol-Oberflache der Vorrichtung, bel der es sich urn eine Platte, Faser, Behalterwand Oder Zwi- 
schenwand handelt, kontaktieren, wobei die Oberflache an mindestens einen Rezeptor kovalent gebunden hat. 
der fur mindestens einen Liganden speziflsch 1st, der auf zumindest einem Tell der Zellen In der Flusslgkeit vor- 
handen ist, Ober einen ausrelchend langen Zeltraum hinweg, daB Zellen, die diesen Liganden enthalten, speziflsch 
an die Oberflache binden; und 

Epffernen der Zellen, die nicht speziflsch gebunden sind, ohne Im wesentlichen speziflsch gebundene Zellen zu 
zerstoren. 

2. Verfahren nach Anspruch 1, wobei die Faser eine Hohlfaser ist und/oder die Zusammensetzung eine physiologi- 

sche Flusslgkeit unnfa3t. 

3. Verfahren nach Anspruch 1 Oder 2, au3erdem umfassend, nachdem Entfernungsschrltt, die Freisetzung der ge- 
buridenen Zellen, im wesentlrchen in Rezeptor-f reier Fomi, urn eine Zusammensetzung der spezifisch gebundenen 
Zellen zu erhalten. 

4. Verfahren nach Anspruch 3, wobei die Freisetzung mittels eines physikalischen Verfahrens Oder durch Behandein 
mit einem Interleukin, Wachstumsfaktor und/oder einem Mitogen erfolgt. 

5. Verfahren nach einem der vorangehenden Anspruche, wobei die Zellen hamopoetische Zellen sind. 

6. Verfahren nach einem der vorangehenden Anspruche, auBerdem unifassend das Zusammenbringen der spezi- 
flsch gebundenen Zellen, wahlweise frei von den nicht spezifisch gebundenen Zellen, mit mindestens einem von 
einem Aktlvierungsmittel, einem Antigen, einer zum Binden an ein Oberflachenprotein der gebundenen Zelle fa- 
higen Zelle. einem Immunkomplex, einem Mitogen, einem Transfektionsvektor, einem aktivierenden Antikorper 
Oder einem zytotoxischen Mitte I. 

7. Verfahren nach Anspruch 1 oder 2 zur Verwendung bei der Herstellung einer therapeutischen zellularen Zusam- 
mensetzung zur Behandlung von Patienten, wobei die Rezeptoren monoklonale Antikorper umfassen. 

8. Verfahren nach Anspruch 6, auBerdem umfassend das Erweitern der Population der spezifisch gebundenen Zel- 
len. 

9. Verfahren zum Erhalt einer therapeutischen zellularen Zusammensetzung, umfassend spezifisch gebundene Zel- 
len, die im wesentlichen frei von Rezeptor sind, wobei das Verfahren ein Verfahren nach Anspruch 1 und das 
Freisetzen von solchen Zellen, die an die Oberflache gebunden haben, welche kovalent gebundene Rezeptoren 
enthalt, die fur mindestens einen auf den speziflsch gebundenen Zellen vorhandenen Liganden spezifisch sind, 
von dieser Oberflache umfaBt. 

10. Verfahren nach Anspruch 9, wobei die Freisetzung durch Beschallung erfolgt Oder das Behandein mit einem In- 
terleukin, Wachstumsfaktor und/oder einem Mitogen umfaBt. 

11. Verfahren nach Anspruch 9, auBerdem umfassend das Erweitern der Population der spezifisch gebundenen Zel- 
len. 

12. Verfahren nach Anspruch 9 oder 10, wobei die Rezeptoren monoklonale Antikorper umfassen. 

13. Verfahren nach Anspruch 7 oder 12, wobei die therapeutische zellulare Zusammensetzung zur Verwendung bel 
Knochenmarkstransplantationen geeignet ist, 

das Zellgemlsch Knochenmarkzellen eines Knochenmarkspenders umfaBt; und 

die monoklonalen Antikorper fur CDS und/oder CDS spezifisch sind. 

14. Verfahren nach Anspruch 12, wobei die Antikorper fur CD8 und CDS spezifisch sind. 

15. Verfahren nach Anspruch 7 oder 12, wobei die therapeutische zellulare Zusamrhensetzung zur Verwendung bei 
Transplantationen geeignet ist, 
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das Zeltgemisch peripheres Blut oder Knochenmark umfaBt; und 

die monoklonalen Antikorper f Or CD34 spezif isch sind. 

5 16. Verfahren nach Anspruch 7 Oder 12, wobei die therapeutische zellulare Zusammensetzung zur Verwendung in 
der Gentlierapie geeighet ist, 

das Zellgemisch peripheres Blut Oder Knochenmark umfa3t; und 

^0 die monoklonalen Antikorper fur CD34 spezifisch sind. 

17. Verfahren nach Anspruch 7 oder 1 2, wobei die therapeutische zellulare Zusammensetzung zur Behandlung eines 
mit einem Virus infizierten Patienten geeignet ist, 

das Zellgemisch eine Zusammensetzung aus mononuklearen Zellen des peripheren Blutes ist; und 

die monoklonalen Antikorper fur CDS spezifisch sind. 

18. Verfahren nach Anspruch 7 oder 1 2, wobei die therapeutische zellulare Zusammensetzung zur Behandlung eines 
20 Patienten mIt einem Neoplasma geeignet ist, 

das Zellgemisch eine Tumor- oder lymphoide Zell- oder Gewebe-Suspension von einem Patienten mit einem 
Neoplasma umfaQt; und 

25 die monoklonalen Antikorper fur CD8 oder CD4 spezifisch sind. 

19. Verfahren nach Anspruch 7 oder 12, wobei die therapeutische zellulare Zusammensetzung Lymphokin-aktlvierte 
Killerzellen umfaBt, 

30 das Zellgemisch monoklonale Zellen des peripheren Blutes umfaQt; und 

die monoklonalen Antikorper f Or CDS, GDI 4 oder CD20 spezifisch sind. 

20. Verfahren nach Anspruch 7 oder 12, wobei die therapeutische zellulare Zusammensetzung zur Behandlung einer 
35 Autoimmunerkrankung geeignet ist, 

das Zellgemisch monoklonale Zellen des peripheren Blutes umfaBt; und 

die monoklonalen Antikorper fur Suppressor-induzierte Zellen spezifisch sind. 

40 

Revendlcatlons 

1. M6thode destin^e k changer la composition cellulaire d'un melange de cellules, la m6thode comprenant le passage 
^5 du liquide a travers un dispositif de capture des cellules tel que les cellules entrent en contact avec au moins une 

surface interne plate en polystyrene du dispositif qui est une feuille, fibre, parol ou cloison d'un recipient, la surface 
pr6sentant, lie de maniere covalente, au moins un r6cepteur sp6cifique d'au moins un ligand present sur au moins 
certaines des cellules dans le liquide pendant un temps suffisant pour que les cellules poss^dant ledit ligand se 
lient de maniere specif ique a la surface ; et 

a eliminer des cellules qui ne sont pas liees de maniere specifique sans perturber significativement les cel- 
lules Il6es de manldre specifique. 

2. M^thode selon la revendication 1 dans laquelle la fibre est une fibre creuse et/ou la composition comprend un 
liquide physiologique. 



55 



3. f^6thode selon la revendication 1 ou 2 comprenant en outre, apr^s I'^tape d'6limination, la liberation des cellules 
Ii6es, substantiellement d6pourvues du r6cepteur, de tap on ^ obtenir une composition de cellules li^es de manl6re 
specifique. 
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4. M^thode selon la revendication 3 dans laquetle la liberation est r^alis^e par une m^thode physique ou comprend 
un traitement avec une interleukine, un facteur de crolssance et/ou un agent mitog^ne. 

5. Methode selon I'une quelconque des revendicat.ions precedentes dans laquelle les cellules sont des cellules h6- 
s matopoi6tiques. 

6. M6thode selon I'une quelconque des revendications pr6c6dentes comprenant en outre la mise en contact des 
cellules li^es de manlere specifique, eventuellement depourvues de cellules qui ne sont pas liees de maniere 
sp6cifique, avec au moins un 6l6ment parmi un agent activant, un antlgdne, une cellule capable de se Her ^ une 

10 proteine de surface de la cellule iiee, un complexe immun, un agent mltog6ne, un vecteur de transfection, un 

anticorps actlvateur ou un agent cytotoxique. 

7. M6thode selon la revendication 1 ou 2 pour une utilisation dans la preparation d'une composition cellulaire th6ra- 
peutique destin^e au traitement d'un patient, dans laquelle les rdcepteurs cpmprennent des anticorps monoclo- 

is naux. 

a Methode selon la revendication 6 comprenant en outre rampllfication de la population de cellules Mes de manidre 

sp6cifique. 

20 9. M6thode d'obtention d'une composition cellulaire th6rapeutique comprenant des cellules li^es de manifere speci- 
fique qui sont substantiellement d^poun/ues de r^cepteur, la methode comprenant une methode selon la reven- 
dication 1 et les cellules Iiber6es, qui ont ete liees d .la surface qui contient, lies de maniere covalente, des r6cep- 
teurs sp6cifiques d'au moins un ligand present sur les cellules liees de maniere specifique, a partir de cette surface. 

26 10. Methode selon la revendication 9 dans laquelle la liberation est realises par sonification ou comprend un traitement 
avec une interleukine. un facteur de croissance et/ou un agent mitogdne. 

11. Methode selon la revendication 9 comprenant en outre I'amplification de la population des cellules liees de maniere 
specifique! 



30 
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12. Methode selon la revendication 9 ou 10 dans laquelle les recepteurs comprennent des anticorps nrK)noclonaux. 

13. Methode selon la revendication 7 ou 12 dans laquelle la composition cellulaire therapeutique convlent pour une 
utilisation dans la transplantation de moelle osseuse, 



te melange de cellules comprend des cellules de moelle osseuse d'un donneur de moelle osseuse ; et 
les anticorps rhonoclonaux sont specifiques de CDS et/ou CDS. 
40 14. Methode selon la revendication 12 dans laquelle les anticorps sont specifiques de CDS et CDS. 

15. Methode selon la revendication 7 ou 12 dans laquelle la composition cellulaire therapeutique convlent pour une 
utilisation dans la transplantation; 

le melange de cellules comprend du sang peripherique ou de la moelle osseuse ; et 

les anticorps monoclonaux sont specifiques de CD34; 

16. Methode selon la revendication 7 ou 12 dans laquelle la composition cellulaire therapeutique convlent pour une 
so utilisation en therapie genique, 

le melange de cellules comprend du sang peripherique ou de la moelle osseuse ; et 

les anticorps monoclonaux sont specifiques de CD34. 



17. Methode selon la revendication 7 ou 12 dans laquelle la composition cellulaire therapeutique convlent pour traiter 
un individu infecte par un virus ; 
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le melange de cellules est une composition de cellules mononucl6aires de.sang p6ripherlque ; et 

les anticorps monoclonaux sont specifiques de CDS. 

5 18. M6thode selon la revendication 7 ou 12 dans laquelle la composition cellulaire th6rapeutique convient pour le 
traitement d'un patient souff rant d'un neoplasme, 

: le melange de cellules comprend une tumeur ou une suspension de tissu ou de cellules lymphoides d'un 
patient souffrant d'un neoplasme ; et 

10 

les anticorps monoclonaux sont sp6cifiques de CDS ou CD4. 

19. M^thode selon la revendication 7 ou 1 2 dans laquelle la composition cellulaire th^rapeutique comprend des cellules 
tueuses actlv^es par une lymphoklne, 

75 ' ■ ■ . . . 

le m4larige de cellules comprend des cellules mononucl^aires de sang p6riph6rique ; et 

les anticorps monoclonaux sont sp6cifiques de CDS, CD14 ou CD20. 

20 20. M6thode selon la revendication 7 ou 12 dans laquelle la composition cellulaire th6rapeutique convient pour le 
traitement d'une nr\aladle autoimmune, 

le melange de cellules comprend des cellules mononucl6aires de sang p6ripherique ; et 

2S les anticorps monoclonaux sont specifiques de cellules suppresseurs -induct rices. 

30 
35 
40 
45 
SO 



19 



EP 0 405 972 B1 




20 




Europaisches Patentatnt 
European Patent Office 
Office europ6en des brevets 




(12) 



(45) Date of publication and mention 
of the grant of the patent: 
27.01.1999 Bulletin 1999/04 

(21) Application number: 90308718.7 

(22) Date of filing: 08.08.1990 



(11) EP 0 430 402 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Intel 6: C12Q1/68 



(54) Methods and compositions for chromosome-specific staining 

Verfahren und Zusammensetzungen fur chromosomenspezifische Farbung 
M6thodes et compositions pour la coloration de chromosomes particuliers 



CD 

CM 

o 
o 

CO 

o 

CL 
UJ 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT Li LU NL SE 

(30) Priority: 01.12.1989 US 444669 
20.03.1990 US 497098 

(43) Date of publication of application: 
05.06.1991 Bulletin 1991/23 

(60) Divisional application: 98202403.6 / 0 885 971 

(73) Proprietor: THE REGENTS OF THE UNIVERSITY 
OF CALIFORNIA 

Oakland, California 94612-3550 (US) 

(72) Inventors: 

• Gray, Joe W. 
Livermore, CA 94550 (US) 

• Tkachuk, Douglas 
Livermore, CA 94550 (US) 

• Pinkel, Daniel 

Walnut Creek, CA 94595 (US) 

(74) Representative: Fisher, Adrian John et al 
CARPMAELS & RANSFORD 

43 Bloomsbury Square 
London WC1A2RA (GB) 



(56) References cited: 
WO-A-90/05789 

• PROCEEDINGS OF THE NATL. ACADEMY OF 
SCIENCES USA, vol. 85, no. 24, December 1988; 
P. LIGHTER et al., pp. 9664-9668/ 

• HUMAN GENETICS, vol. 79, no. 4. August 1988, 
Springer-Verlag; A. SELYPES et al., pp. 357359/ 

• BLOOD, vol. 73, no. 4, March 1989; D.C. VAN DER 
PLAS et al., pp. 1038-1044/ 

• PROCEEDINGS OF THE NATL. ACADEMY OF 
SCIENCES USA, vol. 83, March 1986; J. 
ERIKSON et al., pp. 1807-1811/ 

• THE EMBO JOURNAL, vol. 4, 1985, IRL Press 
Ltd., Oxford (GB); D.G. ALBERTSON, pp. 
2493-2498/ 

• HUMAN GENETICS, vol. 80, no. 3, November 
1988, Springer-Verlag; P. LIGHTER et al., pp. 
224-234/ 

• SCIENCE, vol. 250, 26 October 1990; D.C. 
TKACHUK et al., pp. 559-562/ 

• CYTOGENET. CELL GENET., vol. 54, 1990, 21 
December 1990, Karger AG, Basel (CH); E.P.J. 
ARNOLDUS et aL, pp. 108-111/ 

• HUMAN GENETICS, vol. 80, no. 3, November 
1988, Springer-Verlag; T. CREMER et al., pp. 
235-246/ 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed In 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



EP 0 430 402 B1 



Description 

FIELD OF THE INVENTION 

5 The invention relates generally to the field of cytogenetics, and more particularly, to the field of molecular cytoge- 

netics. The invention concerns methods for identifying and classifying chromosomes. Still more particularly this Inven- 
tion concerns the use of nucleic acid probes which can be designed by the processes described herein to produce 
staining distributions that can extend along one or more whole chromosomes, and/or along a region or regions on one 
or more chromosomes, including staining patterns that extend over the whole genome. Staining patterns can be tailored 

10 for any desired cytogenetic application, including prenatal, tumor and disease related cytogenetic applications, among 
others. The invention provides for methods of staining chromosomes with compositions of nucleic acid probes to identify 
normal chromosomes and chromosomal abnormalities in interphase nuclei. The probe^produced staining patterns of 
this invention facilitate the microscopic and/or flow cytometric identification of normal and abnormal chromosomes and 
the characterization of the genetic nature of particular abnonnalitles. 

15 Although most of the examples herein concern human chromosomes and much of the language herein is directed 

to human concerns, the concept of using nucleic acid probes for staining or painting chromosomes is applicable to 
chromosomes from any source Including both plants and animals. 

BACKGROUND OF THE INVENTION 

20 

Chromosome abnormalities are associated with genetic disorders, degenerative diseases, and exposure to agents 
known to cause degenerative diseases, particularly cancer, German, "Studying Human Chromosomes Today," Amer- 
ican Scientist , Vol. 58, pp. 182-201 (1970); Yunis, "The Chromosomal Basis of Human Neoplasia," Science , Vol. 221, 
pp. 227-236 (1983); and German, "Clinical Implication of Chromosome Breakage," in Genetic Damage in Man Caused 

25 by Environmental Agents , Berg, Ed., pp. 65-86 (Academic Press, New York, 1979). Chromosomal abnormalities can 
be of several types, including: extra or missing individual chromosomes, extra or missing portions of a chromosome 
- (segmental duplications or deletions), breaks, rings and chromosomal rearrangements, among others. 

Chromosomal or genetic rearrangements include translocations (transfer of a piece from one chromosome onto another 
chromosome), dicentrics (chromosomes with two centromeres), Inversions (reversal in polarity of a chromosomal seg- 

30 ment), insertions, amplifications, and deletions. 

Detectable chromosomal abnormalities occur with a frequency of one in every 250 human births. Abnormalities 
that involve deletions or additions of chromosomal material alter the gene balance of an organism and generally lead 
to fetal death or to serious mental and physical defects. Down syndrome can be caused by having three copies of 
chromosome 21 instead of the normal 2. This syndrome is an example of a condition caused by abnormal chromosome 

35 number, or aneuploidy. Down syndrome can also be caused by a segmental duplication of a subregion on chromosome 
21 (such as, 21q22), which can be present on chromosome 21 or on another chromosome. Edward syndrome (18+), 
Patau syndrome (13+), Turner syndrome (XO) and Kleinfelter syndrome (XXY) are among the most common numerical 
aberrations, [Epstein, The Consequences of Chromosome Imbalance: Principles, Mechanisms and Models (Cam- 
bridge Univ. Press 1986); Jacobs, Am. J. Epidemiol . 105 : 180 (1977); and Lubs et al., Science, 169 : 495 (1970).] 

40 Retinoblastoma (del 13q14). Prader-Willi syndrome (del 15qll- q13), Wilm's tumor (del 11p13) and Cri-du-chat 

syndrome (del 5p) are examples of important disease linked structural aberrations. [Nora and Fraser, Medical Genetics: 
Principles and Practice , (Lea and Febiger 1989).] 

Measures of the frequency of structurally aberrant chromosomes, for example, dicentric chromosomes, caused 
by clastogenic agents, such as, ionizing radiation or chemical mutagens, are widely used as quantitative indicators of 

45 genetic damage caused by such agents, Biochemical Indicators of Radiation Injury in Man (International Atomic Energy 
Agency, Vienna, 1971); and Berg, Ed. Genetic Damage in Man Caused by Environmental Agents (Academic Press, 
New York, 1979). A host of potentially carcinogenic and teratogenic chemicals are widely distributed in the environment 
because of industrial and agricultural activity. These chemicals include pesticides, and a range of industrial wastes 
and by-products, such as halogenated hydrocarbons, vinyl chloride, benzene, arsenic, and the like, Kraybill et al., Eds., 

50 Environmental Cancer (Hemisphere Publishing Corporation, New York. 1977). Sensitive measures of chromosomal 
breaks and other abnormalities could form the basis of improved dosimetric and risk assessment methodologies for 

evaluating the consequences of exposure to such occupational and environmental agents. — ~ 

Current procedures for genetic screening and biological dosimetry involve the analysis of karyotypes. A karyotype 
is the particular chromosome complement of an individual or of a related group of individuals, as defined both by the 

55 number and morphology of the chromosomes usually in mitotic metaphase. It includes such things as total chromosome 
number, copy number of individual chromosome types (e.g., the number of copies of chromosome X). and chromosomal 
morphology, e.g., as measured by length, centromeric index, connectedness, or the like. Chromosomal abnormalities 
can be detected by examination of karyotypes. Karyotypes are conventionally determined by staining an organism's 



EP 0 430 402 B1 



metaphase, or otherwise condensed (for example, by premature chromosome condensation) chromosomes. Con- 
densed chromosomes are used because, until recently, It has not been possible to visualize interphase chromosomes 
due to their dispersed condition and the lack of visible boundaries between them in the cell nucleus. 

A number of cytological techniques based upon chemical stains have been developed which produce longitudinal 
5 patterns on condensed chromosomes, generally referred to as bands. The banding pattern of each chromosome within 
an organism usually permits unambiguous identification of each chromosome type, Latt, "Optical Studies of Metaphase 
Chromosome Organization," Annual Review of Biophysics and Bioengineering . Vol. 5, pp. 1-37 (1976). Accurate de- 
tection of some Important chromosomal abnormalities, such as translocations and inversions, has required such band- 
ing analysis. 

10 Unfortunately, such conventional banding analysis requires cell culturing and preparation of high quality metaphase 

spreads, which Is time consuming and labor intensive, and frequently difficult or impossible. For example, cells from 
many tumor types are difficult to culture, and it is not clear that the cultured cells are representative of the original tumor 
cell population. Fetal ceils capable of being cultured need to be obtained by invasive means and need to be cultured 
for several weeks to obtain enough metaphase cells for analysis. In many cases, the banding patterns on the abnonmal 

15 chromosomes do not permit unambiguous identification of the portions of the normal chromosomes that make them 
up. Such identification may be important to indicate the location of important genes involved in the abnormality. Further, 
the sensitivity and resolving power of current methods of karyotyping are limited by the fact that multiple chromosomes 
or chromosomal regions have highly similar staining characteristics, and that abnormalities (such as deletions) which 
involve only a fraction of a band are not detectable. Therefore, such methods are substantially limited for the diagnosis 

20 and detailed analysis of contiguous gene syndromes, such as partial trisomy, Prader-Willi syndrome [Emanuel. Am. 
J. Hum. Genet ., 43: 575 (1988); Schmickel, J. Pediatr ., 109: 231 (1986)] and retinoblastoma [Sparkes, Biochem. Bio- 
phys. Acta .. 780 : 95 (1985)]. 

Thus, conventional banding analysis has several Important limitations, which Include the following. 1) It Is labor 
intensive, time consuming, and requires a highly trained analyst. 2) It can be applied only to condensed chromosomes. 

25 3) It does not allow for the detection of structural aberrations involving less than 3-15 megabases (Mb), depending 
upon the nature of the aberration and the resolution of the banding technique [Landegren et al.. Science , 242 : 229 
(1988)]. This invention provides for probe compositions and methods to overcome such limitations of conventional 
banding analysis. 

The chemical staining procedures of the prior art provide patterns over a genome for reasons not well understood 
30 and which cannot be modified as required for use in different applications. Such chemical staining patterns were used 
to map the binding site of probes. However, only occasionally, and with great effort, was in situ hybridization used to 
obtain some Information about the position of a lesion, for example, a breakpoint relative to a particular DNA sequence. 
The present invention overcomes the inflexibility of chemical staining in that it stains a genome in a pattern based upon 
nucleic acid sequence; therefore the pattern can be altered as required by changing the nucleic acid sequence of the 
35 probe. The probe-produced staining patterns of this Invention provide reliable fundamental landmarks which are useful 
In cytogenetic analysis. 

Automated detection of structural abnormalities of chromosomes with image analysis of chemically stained bands 
would require the development of a system that can detect and interpret the banding patterns produced on metaphase 
chromosomes by conventional techniques. It has proven to be very difficult to identify reliably by automated means 

40 normal chromosomes that have been chemically stained; It is much more difficult to differentiate abnormal chromo- 
somes having structural abnormalities, such as, translocations. Effective automated detection of translocations in con- 
ventionally banded chromosomes has not been accomplished after over a decade of intensive work. The probe-pro- 
duced banding patterns of this Invention are suitable for such automated detection and analysis. 

In recent years rapid advances have taken place in the study of chromosome structure and its relation to genetic 

45 content and DNA composition. In part, the progress has come in the form of improved methods of gene mapping based 
on the availability of large quantities of pure DNA and RNA fragments for probes produced by genetic engineering 
techniques, e.g., Kao, "Somatic Cell Genetics and Gene Mapping," International Review of Cytology , Vol. 85, pp. 
109-146 (1983), and D'Eustachio et al., "Somatic Cell Genetics in Gene Families," Science , Vol. 220, pp. 9, 19-924 
(1 983). The probes for gene mapping comprise labeled fragments of single-stranded or double-stranded DNA or RNA 

50 which are hybridized to complementary sites on chromosomal DNA. With such probes it has been crucially important 
to produce pure, or homogeneous, probes to minimize hybridizations at locations other than at the site of interest, 

- Henderson, "Cytological Hybridization to-Mammallan Chromosomes,"- lnternational Review of Cytology , Vol7-76, pp. - 

1-46(1982). 

The hybridization process involves unravelling, or melting, the double-stranded nucleic acids of the probe and 
55 target by heating, or other means (unless the probe and target are single-stranded nucleic acids). This step is some- 
times referred to as denaturing the nucleic acid. When the mixture of probe and target nucleic acids cool, strands 
having complementary bases recombine, or anneal. When a probe anneals with a target nucleic acid, the probe's 
location on the target can be detected by a label carried by the probe or by some intrinsic characteristics of the probe 
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or probe-target duplex. When the target nucleic acid remains in Its natural biological setting, e.g., DNA in chromosomes, 
mRNA in cytoplasm, portions of chromosomes or cell nuclei (albeit fixed or altered by preparative techniques), the 
hybridization process is referred to as in situ hybridization. 

In situ hybridization probes were initially limited to identifying the location of genes or other well defined nucleic 

5 acid sequences on chromosomes or in cells. Comparisons of the mapping of single-copy probes to normal and abnor- 
mal chromosomes were used to examine chromosomal abnormalities, Cannizzaro et al., Cytogenetics and Cell Ge- 
netics , 39:173-178 (1985). Distribution of the multiple binding sites of repetitive probes could also be determined. 

Hybridization with probes which have one target site in a haploid genome, single-copy or unique sequence probes, 
has been used to map the locations of particular genes in the genome [Harper and Saunders, "Localization of the 

10 Human Insulin Gene to the Distal End of the Short Arm of Chromosome 11." Proc. Natl. Acad. Scl ., Vol. 78, pp. 
4458-4460 (1981); Kao et al., "Assignment of the Structural Gene Coding for Albumin to Chromosome 4," Human 
Genetics . Vol. 62, pp. 337-341 (1982)]; but such hybridizations are not reliable when the size of the target site is small. 
As the amount of target sequence for low complexity single-copy probes is small, only a portion of the potential target 
sites in a population of cells forni hybrids with the probe. Therefore, mapping the location of the specific binding site 

15 of the probe has been complicated by background signals produced by non-specific binding of the probe and also by 
noise in the detection system (for example, autoradiography or immunochemistry). The unreliability of signals for such 
prior art single-copy probes has required statistical analysis of the positions of apparent hybridization signals in multiple 
cells to map the specific binding site of the probe. 

Different repetitive sequences may have different distributions on chromosomes. They may be spread over all 

20 chromosomes as in the just cited reference, or they may be concentrated in compact regions of the genome, such as, 
on the centromeres of the chromosomes, or they may have other distributions. In some cases, such a repetitive se- 
quence is predominantly located on a single chromosome, and therefore is a chromosome-specific repetitive sequence. 
[Wiilard et a!., "Isolation and Characterization of a Major Tandem Repeat Family from the Human X Chromosome," 
Nucleic Acids Research , Vol. 11, pp. 2017-2033 (1983).] 

25 A probe for repetitive sequences shared by ail chromosomes can be used to discriminate between chromosomes 

of different species if the sequence is specific to one of the species. Total genomic DNA from one species which is rich 
in such repetitive sequences can be used in this manner. [Pinkel et al. (Ill), PNAS USA , 83: 2934 (1986); Manuelidis, 
Hum. Genet , 71^: 288 (1985) and Durnam et al., Somatic Cell Molec. Genet , 11^: 571 (1985.] 

Recently, there has been an increased availability of probes for repeated sequences (repetitive probes) that hy- 

30 bridize intensely and specifically to selected chromosomes. [Trask et al.. Hum, Genet , 78: 251 (1 988) and references 
cited therein.] Such probes are now available for over half of the human chromosomes. In general, they bind to repeated 
sequences on compact regions of the target chromosome near the centromere. However, one probe has been reported 
that hybridizes to human chromosome Ip36. and there are several probes that hybridize to human chromosome Yq. 
Hybridization with such probes permits rapid identification of chromosomes In metaphase spreads, determination of 

35 the number of copies of selected chromosomes in interphase nuclei [Pinkel et al. (I), PNAS USA, 83:2934 (1986); 
Pinkel etal. (II), Cold Spring Harbor Symp. Quant. Biol., 51:151 (1986) and Cremer et al., Hum. Genet , 74:346 (1986)] 
and determination of the relative positions of chromosomes in interphase nuclei [Trask et al., supra ; Pinkel et al. (I), 
supra ; Pinkel et al. (II), supra ; Manuelidis, PNAS USA. 81:3123 (1984); Rappold et al.. Hum. Genet , 67:317 (1984); 
Schardin et at. Hum. Genet , 71 :282 (1 985); and Manuelidis, Hum. Genet , 71^:288 (1 985)]. 

40 Lichter et al, Proc. Natl. Acad. Sci. USA , 85:9664 (1 988) disclose the detection of human chromosome 21 aber- 

rations by in situ hybridization in both metaphase and interphase cells. Cremer et al, Hum. Genet ., 80 : 235 (1988) 
similariy detected chromosomal aberrations using biotinylated DNA library probes. 

However, many applications are still limited by the lack of appropriate probes. For example, until the methods 
described herein were invented, probes with sufficient specificity for prenatal diagnosis were not available for chromo- 

45 some 13. Further, repetitive probes are not very useful for detection of structural aberrations since the probability is 
low that the aberrations will involve the region to which the probe hybridizes. 

This invention overcomes the prior art limitations on the use of probes and dramatically enhances the application 
of in situ hybridization for cytogenetic analysis. As indicated above, prior art probes have not been useful for in-depth 
cytogenetic analysis. Low complexity single-copy probes do not at this stage of hybridization technology generate 

50 reliable signals. Although repetitive probes do provide reliable signals, such signals cannot be tailored for different 
applications because of the fixed distribution of repetitive sequences in a genome. The probes of this invention combine 
— the +jybridization reliability of repetitive probes-with the flexibility-of-being able to-tailor the binding pattem-of-the-probe- 
to any desired application. 

The enhanced capabilities of the probes of this invention come from their Increased complexity. Increasing the 
55 complexity of a probe increases the probability, and therefore the intensity, of hybridization to the target region, but 
also increases the probability of non-specific hybridizations resulting in background signals. However, within the con- 
cept of this invention, it was considered that such background signals would be distributed approximately randomly 
over the genome. Therefore, the net result is that the target region could be visualized with increased contrast against 
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such background signals. 

Exemplified herein are probes In an approximate complexity range of from about 50,000 bases (50 kb) to hundreds 
of millions of bases. Such representative probes are for compact loci and whole human chromosomes. Prior to this 
invention, probes employed for in situ hybridization techniques had complexities below 40 kb, and more typically on 
5 the order of a few kb. 

Staining chromosomal material with the probes of this invention is significantly different from the chemical staining 
of the prior art. The specificity of the probe produced staining of this invention arises from an entirely new source - the 
nucleic acid sequences In a genome. Thus, staining patterns of this invention can be designed to highlight fundamental 
genetic information important to particular applications. 
10 The procedures of this Invention to construct probes of any desired specificity provide significant advances in a 

broad spectrum of cytogenetic studies. The analysis can be carried out on interphase nuclei. The techniques of this 
invention can be especially advantageous for applications where high-quality banding by conventional methods is 
difficult or suspected of yielding biased information, e.g., in tumor cytogenetics. Reagents targeted to sites of lesions 
known to be diagnosticalty or prognostically important, such as tumor type-specific translocations, permit rapid recog- 
15 nition of such abnormalities. Where speed of analysis is the predominant concern, e.g.. detection of low-frequency 
chromosomal aberrations induced by toxic environmental agents, the compositions of this invention permit a dramatic 
increase in detection efficiency in comparison to previous techniques based on conventional chromosome banding. 

Further, prenatal screening for disease-linked chromosome aberrations is enhanced by the rapid detection of such 
aberrations by the methods and compositions of this invention. Interphase aneuploidy analysis according to this in- 
20 vention is particularly significant for prenatal diagnosis in that it yields more rapid results than are available by cell 
culture methods. Further, fetal cells separated from maternal blood, which cannot be cultured by routine procedures 
and therefore cannot be analysed by conventional karyotyping techniques, can be examined by the methods and 
compositions of this invention. In addition, the intensity, contrast and color combinations of the staining pattems, cou- 
pled with the ability to tailor the patterns for particular applications, enhance the opportunities for automated cytogenetic 
25 analysis, for example, by flow cytometry or computerized microscopy and image analysis. 

This application specifically describes chromosome specific reagents for the detection of genetic translocations 
and methods of using such reagents to detect such translocations. Representative genetic translocations so detected 
are those that produce a fusion gene - BCR-ABL - that is diagnostic for chronic myelogenous leukemia (CML). 

Chronic myelogenous leukemia (CML) is a neoplastic proliferation of bone marrow cells genetically characterized 
30 by the fusion of the BCR and ABL genes on chromosomes 9 and 22. That fusion usually involves a reciprocal trans- 
location t(9;22)(q34;q11), which produces the cytogenetically distinctive Philadelphia chromosome (Ph''). However, 
more complex rearrangements may cause BCR-ABL fusion. At the molecular level, fusion can be detected by Southem 
analysis or by in vitro amplification of the mRNA from the fusion gene using the polymerase chain reaction (PCR). 
Those techniques are sensitive but cannot be applied to single cells. 
35 Clearly, a sensitive method for detecting chromosomal abnormalities and, more specifically, genetic rearrange- 

ments, such as, for example, the tumor specific arrangements associated with CML, would be a highly useful tool for 
genetic screening. This invention provides such tools. 

The following references are Indicated in the ensuing text by numbers as indicated: 
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3. N. Heisterkamp et al., Nature 306,239 (1983). 

4. E. Shtivelman etal.. Blood 69,971 (1987). 

5. J. B. Konopka, S. M. Watanabe, O.N. Witte, Cell 37.1035 (1984). 
45 6. Y. Ben-Neriah et al.. Science 233.212 (1986). 

7. P. C. Nowell and D. A. Hungerford, Science 132.1497 (1960). 

8. J. D. Rowley, Nature 243,290 (June 1973). 

9. G.Grosveld et al.. Mol Cell Biol 6,607 (1986). 

10. E. Canaan! et al.. Lancet 1, 593 (1984). 

50 11. R, P Gale and E. Canaani, Proc Natl Acad Sci USA 81,5648 (1984). 

12. Konopka J. B. et al.. Proc Natl Acad Sci USA 82: 1810 (1985). 
„. .13. R-Benn-etal.,-CanGer Genet GytGgenet29,1-(-1-987-). - — -» 

14. S. Abe et al.. Cancer Genet Cytogenet 38.61 (1989) 

15. M. Shtalrid etal.. Blood 72. 485 (1988). 

55 16. 1. Dube et al., Genes Chromosomes and Cancer 1,106 (1989). 

17. A. J. Fishleder, B. Shadrach and C. Tuttle, Leukemia 3:10.746 (1989) 

18. C. R. Bartram et al., J Exp Med 164 (5): 1389 (1986). 

19. S. Hiroswa et al.. Am L Hematol 28,133 (1988). 



EP 0 430 402 B1 



20. M. S. Lee et al., Blood 73 (8): 2165 (1989). 

21. E.S. Kawasaki et al., Proc Natl Acad Scl USA 85,5698 (1988). 

22. M. S. Roth et al., Blood 74, 882 (1989). 

23. A. L. Hooberman et al., Blood 74, 1101 (1989). 

24. C. A. Westbrook et al., Blood 71 (3):697-702 (1988). 

25. B. Trask, D. Pinkel, and G. van den Engh, Genomics 5,710 (1989). 

26. S. J. Collins and M. T. Groudlne. Proc Natl Acad Sci USA 80, 4813 (1983). 

27. D. Pinkel et a!., Proc Natl Acad Sci USA 83,2934 (1986). 

28. D. Pinkel, T. Straume and J. W. Gray.. Proc Natl Acad Sci USA 85. 9138 (1988). 

29. B. Trask and J. Hamlin. Genes and Development, 3:1913 (1989). 

30. J. B. Lawrence, C.A. Villnave and R.H. Singer, Cell 42,51 (1988). 

31. G. D. Johnson and J. G. Nogueria J. Immunol. Methods 43, 349 (1981). 

32. Hegewisch-Becker et al., J. Cell. Biochem. (Suppl.) 13E, 289 (1989). 

33. Kohler et al., "Expression of BCR-ABL from Transcripts Following Bone Marrow Transplant for Philadelphia 
Chromosome Positive Leukemias", (manuscript submitted). 

34. Heisterkamp et al., Nature, 315: 758 (1985). 

35. Heisterkamp et al, J. Molec. Appl. Genet.. 2: 57 (1983). 

Fusion of the proto-oncogene c-ABL from the long arm of chromosome 9 with the BCR gene of chromosome 22 
Is a consistent finding In CML (1-3). That genetic change leads to formation of a BCR-ABL transcript that is translated 
to form a 210 kd protein present in virtually all cases of CML (4-6). In 90% of the cases, the fusion gene results from 
a reciprocal translocation involving chromosomes 9 and 22 producing a cytogenetically distinct small acrocentric chro- 
mosome called the Philadelphia (Ph'') chromosome (7-12), Fig. 8. However, standard cytogenetics does not have the 
resolution to distinguish closely spaced breakpoints, such as those characteristic of CML and acute lymphocytic leuke- 
mia (ALL), and misses fusions produced by more complex rearrangements. Mapping and cloning of the breakpoint 
regions in both genes has lead to molecular techniques capable of demonstrating BCR-ABL fusion in CML cases where 
the Phi chromosome could not be detected cytogenetically (13-16). Southern analysis for BCR reaaangements has 
become the standard for diagnosis of CML. More recently, fusion has been detected by in vitro amplification of a cDNA 
transcript copied from CML mRNA using reverse transcriptase (17-23). That technique permits detection of BCR-ABL 
transcript from CML cells present at low frequencies. Both of those techniques utilize nucleic acid obtained from cell 
populations so that correlation between genotype and phenotype for individual cells is not possible. 

Described herein are chromosome-specific reagents and methods to detect genetic rearrangements, such as those 
exemplified herein for the BCR-ABL fusion, that supply information unavailable by existing techniques. 

SUMMARY OF THE INVENTION 

This invention concerns methods of staining chromosomal material based upon nucleic acid sequence that employ 
one or more nucleic acid probes, as set forth in claim 1. Said methods produce staining patterns that can be tailored 
for specific cytogenetic analyses. The methods use nucleic acid probes that stain chromosomal material with reliable 
signals. Such probes are appropriate for In situ hybridization. Preferred nucleic acid probes for certain applications of 
this invention are those of sufficient complexity to stain reliably each of two or more target sites. 

The invention provides methods for staining chromosomal material. The probe compositions of this Invention at 
the current state of hybridization techniques are typically of high complexity, usually greater than about 50 kb of com- 
plexity, the complexity depending upon the application for which the probe is designed. In particular, chromosome 
specific staining reagents are provided which comprise heterogeneous mixtures of nucleic acid fragments, each frag- 
ment having a substantial fraction of its sequences substantially complementary to a portion of the nucleic acid for 
which specific staining is desired — the target nucleic acid, preferably the target chromosomal material. In general, 
the nucleic acid fragments are labeled by means as exemplified herein and indicated infra. However, the nucleic acid 
fragments need not be directly labeled in order for the binding of probe fragments to the target to be detected; for 
example, such nucleic acid binding can be detected by anti-RNA/DNA duplex antibodies and antibodies to thymidine 
dimers. The nucleic acid fragments of the heterogenous mixtures include double-stranded or single-stranded RNA or 

This invention concerns chromosome specific reagents and methods of staining targeted chromosomal material 
that is in the vicinity of a suspected genetic rearrangement. 

As used herein the term "genetic rean^angement" refers to a translocation. 

When such a genetic rearrangement is associated with a disease, such chromosome specific reagents are referred 
to as disease specific reagents or probes. When such a genetic rearrangement is associated with cancer, such reagents 
are referred to as tumor specific reagents or probes. 
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This invention uses nucleic acid probes that reliably stain targeted chromosomal materials in the vicinity of one or 
more suspected genetic rearrangements. Such nucleic acid probes useful for the detection of genetic rearrangements 
are typically of high complexity. Such nucleic acid probes preferably comprise nucleic acid sequences that are sub- 
stantially homologous to nucleic acid sequences in chromosomal regions that flanic and/or extend partially or fully 
5 across breakpoints associated with genetic rearrangements. 

This invention further provides for methods to distinguish between cytogenetically similar but genetically different 
chromosomal rearrangements. 

Specifically herein exemplified are chromosome specific reagents and methods to detect genetic translocations, 
that produce the BCR-ABL fusion which is diagnostic for chronic myelogenous leukemia (CML). Such chromosome 
10 specific reagents for the diagnosis of CML contain nucleic acid sequences which are substantially homologous to 
chromosomal sequences In the vicinity of the translocation breakpoint regions of chromosomal regions 9q34 and 22q11 
associated with CML. 

Those reagents produce a staining pattern which is distinctively altered when the BCR-ABL fusion characteristic 
of CML occurs. Figure 11 graphically demonstrates a variety of staining patterns which, along with other potential 
15 staining patterns, are altered in the presence of a genetic rearrangement, such as, the BCR-ABL fusion. 

The presence of a genetic rean-angement can be determined by applying the reagents of this invention according 
to methods herein described and observing the proximity of and/or other characteristics of the signals of the staining 
patterns produced. 

Preferably, the chromosome specific reagents used to detect CML of this invention comprise nucleic acid sequenc- 
ed es having a complexity of from about 50 kilobases (kb) to about 1 megabase (Mb), more preferably from about 50 kb 
to about 750 kb, and still more preferably from about 200 kb to about 400 kb. 

This invention further provides for methods of distinguishing between suspected genetic rearrangements that occur 
in relatively close proximity in a genome wherein the chromosome specific reagents comprise nucleic acid sequences 
substantially homologous to nucleic acid sequences in the vicinity of said suspected genetic rearrangements. An ex- 
25 ample of such a differentiation between two potential genetic rearrangements is the differential diagnosis of CML from 
acute lymphocytic leukemia (ALL). 

This invention still further provides methods for producing staining patterns in a patient who is afflicted with a 
disease associated genetic rearrangement, such as those associated with the BCR-ABL fusion in CML, wherein said 
staining patterns are predictive and/or indicative of the response of a patient to various therapeutic regimens, such as 
30 chemotherapy, radiation, surgery, and transplantation, such as bone marrow transplantation. Such staining pattems 
can be useful in monitoring the status of such a patient, preferably on a cell by cell basis, and can be predictive of a 
disease recurrence for a patient that is in remission. Computer assisted microscopic analysis can assist In the inter- 
pretation of staining patterns of this invention, and the invention provides for methods wherein computer assisted 
microscopic analysis is used in testing patient cells on a call by cell basis, for e.g., to search for residual disease in a 
35 patient. 

Still further, this invention provides for methods to determine the molecular basis of genetic disease, and to detect 
specific genetically based diseases. 

Still further, this invention provides for methods for detecting contiguous gene syndromes comprising the in situ 
hybridization of nucleic acid probes which comprise sequences which are substantially homologous to nucleic acid 

40 sequences characteristic of one or more components of a contiguous gene syndrome. Representative of such a con- 
tiguous gene syndrome is Down syndrome. 

Also provided are methods of simultaneously detecting genetic rearrangements of multiple loci in a genome com- 
prising in situ hybridization of high complexity nucleic acid probes comprising nucleic acid sequences that are sub- 
stantially homologous to nucleic acid sequences in multiple loci In a genome. 

45 still further provided are methods of searching for genetic rearrangements in a genome. For example, conventional 

banding analysis may indicate an abnormality in a chromosomal region of a genome under examination. Methods of 
this invention may include the application of nucleic acid probes, produced from the vicinity of that chromosomal region 
of a normal genome, by in situ hybridization to cells containing the abnormality to detail the exact location and kind of 
genetic rearrangement of said abnormality by observation of the staining pattems so produced. 

50 The invention still further provides for high complexity nucleic acid probes which have been optimized for rapid, 

efficient and automated detection of genetic rearrangements. 

- One way to produce a probe of high-complexity is to pool several or many clones, for example,'phage.- plasmid- 
cosmid, and /or YAC clones, among others, wherein each clone contains an insert that is capable of hybridizing to 
some part of the target in a genome. Another way to produce such a probe is to use the polymerase chain reaction 
55 (PCR). 

Heterogeneous in reference to the mixture of labeled nucleic acid fragments means that the staining reagents 
comprise many copies each of fragments having different sequences and/or sizes (e.g., from the different DNA clones 
pooled to make the probe). In preparation for use. these fragments may be cut, randomly or specifically, to adjust the 
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size distribution of the pieces of nucleic acid participating in the hybridization reaction. 

As discussed more fully below, preferably the heterogeneous probe mixtures are substantially free from nucleic 
acid sequences with hybridization capacity to non-target nucleic acid. Most of such sequences bind to repetitive se- 
quences which are shared by the target and non-target nucleic acids, that is, shared repetitive sequences. 

5 Methods to remove undesirable nucleic acid sequences and/or to disable the hybridization capacity of such se- 

quences are discussed more fully below. [See Section II]. Such methods include but are not limited to the selective 
removal or screening of shared repetitive sequences from the probe; careful selection of nucleic acid sequences for 
inclusion in the probe; blocking shared repetitive sequences by the addition of unlabeled genomic DNA, or, more 
carefully selecting nucleic acid sequences for inclusion in the blocking mixture; incubating the probe mixture for sutfi- 

10 cient time for reassociation of high copy repetitive sequences, or the like. 

The staining reagents of the invention are applied to interphase chromosomal DNA by In situ hybridization, and 
the chromosomes are identified or classified, i.e., karyotyped, by detecting the presence of the label, on the nucleic 
acid fragments comprising the staining reagent. 

The invention includes chromosome staining reagents for the total genomic complement of chromosomes, staining 

15 reagents specific to single chromosomes, staining reagents specific to subsets of chromosomes, and staining reagents 
specific to subregions within single or multiple chromosomes. The term "chromosome-specific," is understood to en- 
compass all of these embodiments of the staining reagents of the invention. The term Is also understood to encompass 
staining reagents made from and directed against both normal and abnormal chromosome types. 

A preferred method of making the chromosome-specific staining reagents of the invention includes: 1 ) isolating 

20 chromosomal DNA from a particular chromosome type or target region or regions in the genome, 2) amplifying the 
isolated DNA to form a heterogeneous mixture of nucleic acid fragments, 3) disabling the hybridization capacity of or 
removing shared repeated sequences in the nucleic acid fragments, and 4) labeling the nucleic acid fragments to form 
a heterogeneous mixture of labeled nucleic acid fragments. As described more fully below, the ordering of the steps 
for particular embodiments varies according to the particular means adopted for carrying out the steps. 

25 The present invention addresses problems associated with karyotyping chromosomes, especially for diagnostic 

and dosimetric applications. In particular, the invention overcomes problems which arise because of the lack of stains 
that are sufficiently chromosome-specific by providing reagents comprising heterogeneous mixtures of nucleic acid 
fragments that can be hybridized to the target DNA and/or RNA, e.g., the target chromosomes, target subsets of 
chromosomes, or target regions of specific chromosomes. The staining technique of the invention opens up the pos- 

30 sibility of rapid and highly sensitive detection of genetic rearrangements, in interphase cells using standard clinical and 
laboratory equipment and improved analysis using automated techniques. It has direct application in genetic screening, 
cancer diagnosis, and biological dosimetry. 

This invention further specifically provides for methods for staining fetal chromosomal material. 

Still further, the invention provides for a non-embryo-lnvasive method of karyotyping the chromosomal material of 

35 fetal cells, wherein the fetal cells have been separated from maternal blood. Such fetal cells are preferably leukocytes 
and/or cytotrophoblasts. Exemplary nucleic acid probes are high complexity probes chromosome-specific for chromo- 
some types 13, 18 and/or 21. Representative probes comprise chromosome-specific Bluescribe (Registered Trade 
Mark) plasmid libraries from which a sufficient number of shared repetitive sequences have been removed or the 
hybridization capacity thereof has been disabled prior to and/or during hybridization with the target fetal chromosomes. 

40 This application discloses test kits comprising appropriate nucleic acid probes for use in tumor cytogenetics, in 

the detection of disease related loci, in the analysis of translocations, and for biological dosimetry. 

This application further discloses prenatal screening kits comprising appropriate nucleic acid probes, including 
test kits comprising high complexity probes for the detection of genetic rearrangements, and specifically for those 
producing the BCR-ABL fusion characteristic of CML. 

45 The methods of this invention permit staining of chromosomal material with patterns appropriate for a desired 

application. The pattern may extend over some regions of one or more chromosomes, or over some or all the chro- 
mosomes of a genome and multiple sections, distinguishable by multiple colors. 

Alternatively, the pattern may be focused on a particular portion or portions of a genome, such as a portion or portions 
potentially containing a breakpoint that is diagnostically or prognostically important for one or more tumors, or on those 
50 portions of chromosomes having significance for prenatal diagnosis. 

The staining patterns may be adjusted for the analysis method employed, for example, either a human observer 

or automated equipmentj such-as, -flow cytometers or-computer-assisted microscopy. The patterns may be chosen to - 

be appropriate for analysis of condensed chromosomes or dispersed chromosomal material. 

The invention further provides for automated means of detecting and analyzing chromosomal abnormalities, par- 
55 ticulariy genetic rearrangements, as indicated by the staining patterns produced according to this invention. 

Another object of the present invention is to provide an alternative method to currently available techniques for 
preparing and applying non-selfcomplementary single stranded DNA hybridization probes. 

Another object of the invention is to Improve the signal-to-noise ratios attainable in In situ hybridization by reducing 
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nonspecific and mismatched binding of probe. 

Another object of the invention is to provide a method of denaturing double stranded target DNA for application of 
hybridization probe which minimizes single stranded regions available for hybridization that are noncomplementary to 
probe sequences. 

5 DNA fragments from which probes can be constructed by treating with a restriction endonuclease which generates 

a collection of restriction fragments having "sticky" ends, or staggered cuts, characteristic of the endonuclease used. 
That is. the two fragment ends introduced by a cut each consist of a protruding strand and a recessed strand. The 
restriction fragments are inserted Into vectors which have been engineered to accept that type of restriction fragment; 
and the vectors are transfected into host organisms which are grown to Increase the number of restriction fragments. 

10 Next the vectors are separated from the host organisms, and the restriction fragments are excised and separated from 
the vectors. On each end of the restriction fragments the recessed strands are digested by an appropriate exonuclease. 
Digestion is not allowed to go to completion. The exonuclease treated restriction fragments are then used as template/ 
primers for DNA polymerase which replaces the digested strand in the presence of a labeled precursor. Examples of 
enzymes suitable for this process are exonuclease III followed by treatment with the large fragment of DNA polymerase 

15 I; or T4 DNA polymerase, which can perform both functions by changes in reaction conditions. After synthesis is com- 
pleted, the restriction fragments are broken into smaller fragments such that the labeled portions of the original restric- 
tion fragment remain substantially intact. The smaller fragments are denatured, and the labeled strands are separated 
from the unlabeled strands to form the hybridization probes. 

Under this method of using single-stranded probes, before application of the hybridization probe to the target DNA, 

20 the target DNA is first treated with the same restriction endonuclease used to excise the probe DNA from the cloning 
vector. This treatment breaks the target DNA into a collection of restriction fragments having tails at each end charac- 
teristic of the restriction endonuclease. Next the target DNA is treated with an exonuclease which removes the recessed 
strand, thereby exposing single stranded DNA in the vicinity of the cut introduced by the restriction endonuclease. 
Finally, the hybridization probe is applied to the target DNA, e.g., using standard in situ hybridization protocols, as 

25 described more fully below. 

An important feature of the single stranded probe method is treating the cloned probe DNA and the target DNA 
with the same restriction endonuclease. This ensures that the single stranded DNA of the target is complementary to 
the labeled strand of the probe. Of course many segments of the target in addition to the correct binding sites will be 
made single stranded because there are many restriction cuts, but there will be much less total single stranded target 

30 than would be made by indiscriminant denaturation. In addition, target DNA rendered single stranded in this manner 
cannot reanneal with itself and thus block access to the probe. 

Another important (but not critical) feature of such a method is the selection of a label which penmits labeled strands 
to be separated from unlabeled strands. Preferably precursors are labeled by biotinylation, and the labeled strands 
are separated from unlabeled strands by affinity chromatography. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figures 1A, B and C and Figures 2A and 2B illustrate the hybridization of a chromosome-specific 21 library to 
human metaphase spread wherein the inserts were cloned in Lambda phage Charon 21 A. The hybridization capacity 
40 of the high copy repetitive sequences in the library was reduced by the addition of unlabeled genomic DNA to the 
hybridization mixture. The probe was labeled with biotin, which was detected with green FITC-avidin (fluorescein iso- 
thiocyanate avidin). All of the DNA in the chromosomes was stained with the blue fluorescent dye DAPI (4,6-diamidlno- 
2-phenylindole). 

Figure 1A is a binary image of the DAPI stain in the human metaphase spread obtained by using a TV camera 
45 attached to a fluorescence microscope. Filters appropriate for DAPI visualization were used. Computer processing of 
the Image shows all portions above a chosen threshold intensity as white, and the rest as black. 

Figure IB is a binary image of the FITC staining of the same human metaphase spread as in Figure 1 A. The image 
was processed as in Figure 1 A but the filter was changed in the microscope such that the FITC attached to the probe 
is visible rather than the DAPI. 

50 Figure 1C is a binary image of the chromosome 21s alone, nonspecifically stained objects (which are smaller) 

having been removed by standard image processing techniques on the binary image of Figure IB. 

Figure 2A is a color-photograph^of4he DAPI stain in a-human metaphase spread which was prepared and hybridized 

contemporaneously with the spread shown in the computer generated binary images of Figures 1 A, B and C. 

Figure 2B is a color photograph of the fluorescein attached to the DNA probe in the same human metaphase 
55 spread as shown in Figure 2A. It was obtained by changing the filters in the fluorescence microscope to excite fluo- 
rescein rather than DAPI. The photograph is comparable to the binary image of Figure 1 B. 

Figure 3 is a photograph of a human metaphase spread prepared and hybridized contemporaneously with the 
spreads shown in Figures 1 A, B and C and 2A and B. The procedures used were the same except that PI (propidium 
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iodide) Instead of DAPI, was used to stain ail the chromosomes. Both PI and fluorescein stains can be viewed with the 
same microscope filters. Color film was used such that the propidium iodide counterstain appears red and the fluores- 
cein of the probe appears yellow on the color film. 

Figure 4A shows the hybridization of the chromosome 4-specific library in Bluescribe piasmids (the library pBS- 

5 4) to a human metaphase spread wherein no unlabeled human genomic DNA was used, and wherein the hybridization 
mixture was applied immediately after denaturation. Both copies of chromosome 4 are seen as slightly brighter than 
the other chromosomes. The small arrows indicate regions that are unstained with the probe. As in Figure 3 and as in 
the rest of the Figures below, PI is the counterstain and fluorescein is used to label the probe. 

Figure 4B shows the hybridization of pBS-4 to a human metaphase spread wherein unlabeled human genomic 

10 DNA was used during the hybridization (Q = 2 of genomic DNA; the meaning of Q is explained infra) . Quantitative 
image analysis shows that the intensity per unit length of the chomosome 4s is about 20X that of the other chromo- 
somes. The chromosome 4s are yellow; the other chromosomes are red due to the propidium iodide counterstain. Two 
layers of avidin-fluorescein isothiocyanate have been used to make the target chromosomes sulficiently bright to be 
measured accurately. However, the number 4 chromosomes can be recognized easily after a single layer is applied. 

15 Figure 4C shows the same spread as In Figure 4B but through a filter that passes only the fluorescein isothiocyanate 

fluorescence. 

Figure 4D shows the detection of a radiation-induced translocation (arrows) involving chromosome 4s in a human 
metaphase spread wherein pBS-4 specific libraries are used. The contrast ratio is about 5X. 

Figure 4E shows that normal and two derivative chromosomes resulting from a translocation between chromosome 
20 4 and 11 (in cell line RS4; 11 ) can be detected by the compositions and methods of this invention in interphase nuclei. 
They appear as three distinct domains. 

Figure 4F shows the hybridization of the chromosome 21-specific library in Bluescribe piasmids (the library pBS- 
21 ) to a metaphase spread of a trisomy 21 ceil line. A small amount of hybridization Is visible near the centromeres of 
the other acrocentric chromosomes. 
25 Figure 4G shows the same hybridization as in Figure 4F but with interphase nuclei. Clearly shown are the three 

chromosome 21 domains. . 

Figure 4H shows the hybridization with a pool of 120 single copy probes from chromosome 4 to a human metaphase 
spread. The number 4 chromosomes are indicated by arrows. 

Figure 5 shows the hybridization of a yeast artificial chromosome (YAC) clone containing a 580 kb insert of human 
30 DNA to a human metaphase spread. A yellow fluorescein band on each of the chromosome 12s (at 12q21 .1 ) is visible 
against the propidium iodide counterstain. 

Figure 6 shows the hybridization of DNA from a human/hamster hybrid cell containing one copy of human chro- 
mosome 19 to a human metaphase spread. A little to the right of the photograph's center are the two chromosome 
19s which are brighter than the other chromosomes in the spread. 
35 Figure 7 illustrates a representative method of using the polymerase chain reaction (PCR) to produce probes of 

this invention which are reduced in repetitive sequences. 

Figure 8 illustrates the locations of probes to the CML breakpoint and corresponding pattern of staining in both 
normal and CML metaphase and interphase nuclei. 

The left side shows schematic representations of the BCR gene on chromosome 22, the ABL gene of chromosome 
40 9, and the BCR-ABL fusion gene on the Philadelphia chromosome. Also shown are the locations of CML breakpoints 
and their relation to the probes (32). The right shows hybridization patterns expected for the c-hu-ABL and PEM12 
probes to normal and CML metaphase spreads and interphase nuclei. 

Figure 9 shows fluorescence in-situ hybridization (FISH) in metaphase spreads and interphase nuclei. Panels A 
and B show ABL and BCR hybridization to normal metaphase spreads. The ABL signal (A) is localized to the telomeric 
45 portion of 9q and the BCR signal (B) is localized near the centromere of 22q. Panel C shows that abl staining is localized 
to the telomeric region of Philadelphia chromosome in a case of CML with 46XY. t (9: 22) (q34; q11). Panel D shows 
that abl staining is interstitial on the derivative 22 chromosome arising from an insertional event in a case of CML with 
46XY Ins (22: 9)(q11; q34). Panel E illustrates that the K562 cell line presents multiple signals localized to a region of 
the interphase nucleus. Identical staining pattern was seen with BCR probe indicating BCR -ABL fusion gene amplifi- 
50 cation. Panel F presents a metaphase spread from the K562 cell line showing fusion gene amplification localized to a 
single chromosome. 

Figure40 illustrates fluorescence- in-situ-hybridization in^-CML Interphase-nuclel with ABLr (red)-and-BCR-(green) — 

probes visualized simultaneously through a double band pass filter. Cells from a CML patient show the red-green 
(yellow) signals resulting from the hybridization to the BCR-ABL fusion gene and single red and green hybridization 
55 signals to the nomnal BCR and ABL genes on chromosomes 22 and 9. 

Figure 11 illustrates some exemplary probe strategies for detection of structural aberrations. The design of the 
binding pattern, colors etc., of the probe can be optimized for detection of genetic abnormalities In metaphase and/or 
interphase cells. Different pattems may have advantages for particular applications. The drawings in Figure 11 Illustrate 
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some of the patterns useful for detection of some abnormalities. The examples are representative and not meant to 
be exhaustive; different patterns can be combined to allow for the detection of multiple abnormalities in the same cell. 

In the drawings of Figure 11 , the metaphase chromosomes are shown with probe bound to both chromatids. The 
interphase nuclei are pictured to be In a stage of the cell cycle prior to replication of the portion of the chromosome to 
which the probe binds; thus there is only one chromatid for each Interphase chromosome. When the probe binding is 
restricted to only a portion of a chromosome, the signal is indicated as either a black er white circle. Such a represen- 
tation is employed to indicate different colors or otherwise distinguishable characteristics of the staining. Patterns con- 
taining more than two distinguishable characteristics (three colors, different ratios of colors etc.) permit more complex 
staining patterns than those illustrated. Chromosomal locations of the breakpoints in the DNA are indicated with hor- 
izontal lines next to the abnormal chromosomes. 

a. Section a) represents the use of a probe which stains a whole chromosome. Such a probe can be used to detect 
a translocation that occurs anywhere along the chromosome. The color photograph of Figure 12 shows use of 
such a stain for chromosome 22 to detect a translocation, In this case that which occurs with CML. Such an ap- 
proach to staining Is not very useful in interphase nuclei since the region of the nucleus that is stained is relatively 
large; overlaps in the stained regions can make interpretation difficult in many nuclei. 

b. Section b) represents the reduction of the stained region of the chromosome shown in a) to that In the vicinity 
of a breakpoint, providing information focused on events in that region. The staining pattern can be continuous or 
discontinuous across the breakpoint, just so that some binding Is on both sides of the breakpoint. Such a staining 
pattern requires only one "color", but gives no infomnation about which other genomic region may be involved in 
the exchange. 

c. Section c) represents the use of a probe which binds to sequences which come together as a result of the 
rearrangement and allows for the detection in metaphase and Interphase cells. In this case the different sequences 
are stained with different "colors". Such a staining pattern is that used in the examples of Section Vlli of the this 
application. 

d. Section d) represents an extension of c) by including staining of both sides of both breakpoints Involved in the 
rearrangement. Different "colors" are used as indicated. The additional information supplied by the more complex 
staining pattern may assist with Interpretation of the nuclei. It might also permit recognition of an apparent inser- 
tiona! event as discussed herein. 

e. Section e) represents the detection of an inversion in one homologue of a chromosome. 

f. Section f) represents a staining pattern useful in the detection of a deletion. A deletion could also be detected 
with a probe that stains only the deleted region; however, lack of probe binding may be due to reasons other than 
deletion of the target sequence. The flanking regions stained a different "color" serve as controls for hybridization. 

Figure 12 illustrates a staining pattern to detect a rearrangement by staining a whole chromosome, in this case a 
rean-angement of chromosome 22 associated with CML. The metaphase spread of this figure is from a CML cell that 
has been stained with a probe which binds all along chromosome 22. Probe-stained regions appear yellow. The rest 
of the DNA has been stained with the red-fluorescing chemical stain propidium iodide. The entirely yellow chromosome 
is a normal copy of chromosome 22. Just below said normal chromosome 22 Is the Philadelphia chromosome, a small 
part yellow and part red chromosome. Below and to the right of the Philadelphia chromosome is the abnormal chro- 
mosome 9 (red) with the distal part of chromosome 22 (yellow) attached. The photograph of this figure illustrates the 
staining pattern represented in part a) of the previous figure. 

DETAILED DESCRIPTION OF THE INVENTION 

This Invention concerns the use of nucleic acid probes to stain targeted chromosomal material in patterns which 
can extend along one or more whole chromosomes, and/or along one or more regions on one or more chromosomes, 
including patterns which extend over an entire genome. The staining reagents of this invention facilitate the microscopic 
and/or flow cytometric Identification of normal and aberrant chromosomes and provide for the characterization of the 
genetic nature of particular abnormalities, such as, genetic rearrangements. The term "chromosome-specific" is herein 
defined to encompass the terms "target specific" and "region specific", that is, when the staining composition is directed 
- to-one-chromosomerit Is-chromosome-specifiGrbtrt-it is also chromosome-specific-when it- is directed- for-example, to 
multiple regions on multiple chromosomes, or to a region of only one chromosome, or to regions across the entire 
genome. The term chromosome-specific originated from the use of recombinant DNA libraries made by cloning DNA 
from a single normal chromosome type as the source material for the initial probes of this invention. Libraries made 
from DNA from regions of one or more chromosomes are sources of DNA for probes for that region or those regions 
of the genome. The probes produced from such source material are region-specific probes but are also encompassed 
within the broader phrase "chromosome-specific" probes. The term "target specific" is interchangeably used herein 
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with the term "chromosome-specific". 

The word "specific" as commonly used in the art has two somewhat different meanings. The practice is followed 
herein. "Specific" may refer to the origin of a nucleic acid sequence or to the pattern with which it will hybridize to a 
genome as part of a staining reagent. For example, isolation and cloning of DNA from a specified chromosome results 

5 in a "chromosome-specific library", [Eg., Van Dilla et al., "Human Chromosome-Specific DNA Libraries: Construction 
and Availability," Biotechnology , 4: 537 (1986).] However, such a library contains sequences that are shared with other 
chromosomes. Such shared sequences are not chromosome-specific to the chromosome from which they were derived 
in their hybridization properties since they will bind to more than the chromosome of origin. A sequence Is "chromosome- 
specific" if it binds only to the desired portion of a genome. Such sequences include single-copy sequences contained 

10 in the target or repetitive sequences, in which the copies are contained predominantly in the target. 

"Chromosome-specific" in modifying "staining reagent" refers to the overall hybridization pattern of the nucleic acid 
sequences that comprise the reagent. A staining reagent is chromosome-specific if useful contrast between the target 
and non-target chromosomal material is achieved (that is, that the target can be adequately visualized). 

A probe is herein defined to be a collection of nucleic acid fragments whose hybridization to the target can be 

15 detected. The probe is labeled as described below so that its binding to the target can be visualized. The probe is 
produced from some source of nucleic acid sequences, for example, a collection of clones or a collection of polymerase 
chain reaction (PCR) products. The source nucleic acid may then be processed in some way, for example, by removal 
of repetitive sequences or blocking them with unlabeled nucleic acid with complementary sequence, so that hybridi- 
zation with the resulting probe produces staining of sufficient contrast on the target. Thus, the word probe may be used 

20 herein to refer not only to the detectable nucleic acid, but also to the detectable nucleic acid in the form in which it is 
applied to the target, for example, with the blocking nucleic acid, etc. The blocking nucleic acid may also be mentioned 
separately. What "probe" refers to specifically should be clear from the context in which the word is used. 

When two or more nucleic acid probes of this invention are mixed together, they produce a new probe which when 
hybridized to a target according to the methods of this invention, produces a staining pattern that is a combination of 

25 the staining patterns individually produced by the component probes thereof. Thus, the terms "probe" and "probes" 
(that is, the singular and plural fomns) can be used interchangeably within the context of a staining pattern produced. 
For example, if one probe of this invention produces a dot on chromosome 9, and another probe produces a band on 
chromosome 11 , together the two probes form a probe which produces a dot/band staining pattern. 

The tenm "labeled" is herein used to indicate that there is some method to visualize the bound probe, whether or 

30 not the probe directly carries some modified constituent. Section III infra describes various means of directly labeling 
the probe and other labeling means by which the bound probe can be detected. 

The terms "staining" or "painting" are herein defined to mean hybridizing a probe of this invention to a genome or 
segment thereof, such that the probe reliably binds to the targeted chromosomal material therein and the bound probe 
is capable of being visualized. The terms "staining" or "painting" are used interchangeably The patterns resulting from 

35 "staining" or "painting" are useful for cytogenetic analysis, more particularly, molecular cytogenetic analysis. The stain- 
ing patterns facilitate the microscopic and/or flow cytometric identification of normal and abnormal chromosomes and 
the characterization of the genetic nature of particular abnormalities. Section III infra describes methods of rendering 
the probe visible. Since multiple compatible methods of probe visualization are available, the binding pattems of dif- 
ferent components of the probe can be distinguished-for example, by color. Thus, this invention is capable of producing 

40 any desired staining pattern on the chromosomes visualized with one or more colors (a multicolor staining pattern) 
and/or other indicator methods. The term "staining" as defined herein does not include the concept of staining chro- 
mosomes with chemicals as in conventional karotyping methods although such conventional stains may be used in 
conjunction with the probes of this invention to allow visualization of those parts of the genome where the probe does 
not bind. The use of DAPI and propidium iodide for such a purpose is illustrated in the figures. 

45 The phrase "high complexity" is defined herein to mean that the probe, thereby modified contains on the order of 

50,000 (50 kb) or greater, up to many millions or several billions, of bases of nucleic acid sequences which are not 
repeated in the probe. For example, representative high complexity nucleic acid probes of this invention can have a 
complexity greater than 50 kb, greater than 100.000 bases (100 kb), greater than 200,000 (200 kb), greater than 
500,000 bases (500 kb), greater than one million bases (1 Mb), greater than 2 Mb, greater than 10 Mb, greater than 

50 100 Mb, greater than 500 Mb, greater than 1 billion bases and still further greater than several billion bases. 

The term "complexity" is defined herein according to the standard for nucleic acid complexity as established by 

— Britten et al = r Method s- of - Enzy mo I . ,-29 : 363 (4974)-Seealso-Gantop and Schimmel, Biophysical Ghemistry:~Part-lll :- 

The Behavior of Biological Macromolecules . at 1228-1230 (Freeman and Co. 1980) for further explanation and exem- 
plification of nucleic acid complexity. 

55 The complexity prefen*ed for a probe composition of this invention is dependent upon the application for which it 

is designed. In general, the larger the target area, the more complex is the probe. It is anticipated that the complexity 
of a probe needed to produce a desired pattern of landmarks on a chromosome will decrease as hybridization sensitivity 
increases, as progress is made in hybridization technology. As the sensitivity increases, the reliability of the signal from 
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smaller target sites will increase. Therefore, whereas from about a 40 kb to about a 100 kb target sequence may be 
presently necessary to provide a reliable, easily detectable signal, smaller target sequences should provide reliable 
signals in the future. Therefore, as hybridization sensitivity increases, a probe of a certain complexity, for example, 100 
kb, should enable the user to detect considerably more loci in a genome than are presently reliably detected; thus, 

5 more information will be obtained with a probe of the same complexity. The term "complexity" therefore refers to the 
complexity of the total probe no matter how many visually distinct loci are to be detected, that is, regardless of the 
distribution of the target sites over the genome. 

As indicated above, with current hybridization techniques it is possible to obtain a reliable, easily detectable signal 
with a probe of about 40 kb to about 100 kb (eg. the probe insert capacity of one or a few cosmids) targeted to a 

10 compact point in the genome. Thus, for example, a complexity in the range of approximately 100 kb now permits 
hybridization to both sides of a tumor-specific translocation. The portion of the probe targeted to one side of the break- 
point can be labeled differently from that targeted to the other side of the breakpoint so that the two sides can be 
differentiated with different colors, for example. Proportionately increasing the complexity of the probe permits analysis 
of multiple compact regions of the genome simultaneously. The conventional banding pattems produced by chemical 

15 stains may be replaced according to this invention with a series of probe-based, color coded (for example), reference 
points along each chromosome or significant regions thereof. 

Uniform staining of an extended contiguous region of a genome, for example, a whole chromosome, requires a 
probe complexity proportional to but substantially less than, the complexity of the target region. The complexity required 
is only that necessary to provide a reliable, substantially uniform signal on the target. Section V.B, infra, demonstrates 

20 that fluorescent staining of human chromosome 21, which contains about 50 megabases (Mb) of DNA, is sufficient 
with a probe complexity of about 1 Mb. Figure 4H illustrates hybridization of about 400 kb of probe to human chromo- 
some 4, which contains about 200 Mb of DNA. In that case, gaps between the hybridization of individual elements of 
the probe are visible. Figures 4B and 4F demonstrate the results achieved with probes made up of entire libraries for 
chromosomes 4 and 21 , respectively. The chromosomes are stained much more densely as shown In Figures 4B and 

25 4F than with the lower complexity probe comprising single-copy nucleic acid sequences used to produce the pattern 
of Figure 4H. 

Increasing the complexity beyond the minimum required for adequate staining is not detrimental as long as the 
total nucleic acid concentration in the probe remains below the point where hybridization is impaired. The decrease in 
concentration of a portion of a sequence in the probe is compensated for by the increase in the number of target sites. 
. 30 In fact, when using double-stranded probes, it is preferred to maintain a relatively low concentration of each portion of 
sequence to inhibit reassociation before said portion of sequence can find a binding site in the target. 

The staining patterns of this invention comprise one or more "bands". The term "band" is herein defined as a 
reference point in a genome which comprises a target nucleic acid sequence bound to a probe component, which 
duplex is detectable by some indicator means, and which at its narrowest dimension provides for a reliable signal under 
35 the conditions and protocols of the hybridization and the instrumentation, among other variables, used. A band can 
extend from the narrow dimension of a sequence providing a reliable signal to a whole chromosome to multiple regions 
on a number of chromosomes. 

The probe-produced bands of this invention are to be distinguished from bands produced by chemical staining as 
indicated above in the Background . The probe-produced bands of this invention are based upon nucleic acid sequence 
^0 whereas the bands produced by chemical staining depend on natural characteristics of the chromosomes, but not the 
actual nucleic acid sequence. Further, the banding patterns produced by chemical staining are only interpretable in 
terms of metaphase chromosomes whereas the probe-produced bands of this invention are useful both for metaphase 
and interphase chromosomes. 

One method of forming the probes of the present invention is to pool many different low complexity probes. Such 
45 a probe would then comprise a "heterogeneous mixture" of individual cloned sequences. The number of clones required 
depends on the extent of the target area and the capacity of the cloning vector. If the target Is made up of several 
discrete, compact loci, that is, single spots at the limit of microscopic resolution, then about 40 kb, more preferably 100 
kb, for each spot gives a reliable signal given current techniques. The portion of the probe for each spot may be made 
up from, for example, a single insert from a yeast artificial chromosome (YAC), from several cosmids each containing 
50 35-40 kb or probe sequence, or from about 25 piasmids each with 4 kb of sequence. 

Representative heterogeneous mixtures of clones exemplified herein include phage (Figures 1 , 2 and 3), and 
— — piasmids -(Figure 4). -Yeast-artifiGial- clv©mosomes-(YAGS)^Figure-5),-and^a single-human chromosome in-an inter — 
species hybrid cell (Figure 6) are examples of high complexity probes for single loci and an entire chromosome that 
can be propagated as a single clone. 
55 A base sequence at any point in the genome can be classified as either "single-copy" or "repetitive". For practical 

purposes the sequence needs to be long enough so that a complementary probe sequence can form a stable hybrid 
with the target sequence under the hybridization conditions being used. Such a length is typically in the range of several 
tens to hundreds of nucleotides. 
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A "single-copy sequence" is that wherein only one copy of the target nucleic acid sequence is present in the haploid 
genome. "Single-copy sequences" are also known in the art as "unique sequences". A "repetitive sequence" Is that 
wherein there are more than one copy of the same target nucleic acid sequence in the genome. Each copy of a repetitive 
sequence need not be identical to all the others. The important feature is that the sequence be sufficiently similar to 

5 the other members of the family of repetitive sequences such that under the hybridization conditions being used, the 
same fragment of probe nucleic acid is capable of forming stable hybrids with each copy. A "shared repetitive sequence" 
Is a sequence with some copies in the target region of the genome, and some elsewhere. 

When the adjectives "single-copy", "repetitive", "shared repetitive", among other such modifiers, are used to de- 
scribe sequences in the probe, they refer to the type of sequence in the target to which the probe sequence will bind. 
. 10 Thus, "a repetitive probe" is one that binds to a repetitive sequence in the target; and "a single-copy probe" binds to a 
single-copy target sequence. 

Repetitive sequences occur in multiple copies In the haploid genome. The number of copies can range from two 
to hundreds of thousands, wherein the Alu family of repetitive DNA are exemplary of the latter numerous variety. The 
copies of a repeat may be clustered or Interspersed throughout the genome. Repeats may be clustered In one or more 
locations in the genome, for example, repetitive sequences occurring near the centromeres of each chromosome, and 
variable number tandem repeats (VNTRs) [Nakamura et al. Science, 235 : 1616 (1987)]; or the repeats may be distrib- 
uted over a single chromosome [for example, repeats found only on the X chromosome as described by Bardoni et 
al., Cytogenet . Cell Genet .. 46: 575 (1 987)]; or the repeats may be distributed over all the chromosomes, for example, 
the Alu family of repetitive sequences. 

20 Herein, the terms repetitive sequences, repeated sequences and repeats are used interchangeably 

Shared repetitive sequences can be clustered or interspersed. Clustered repetitive sequences include tandem 
repeats which are so named because they are contiguous on the DNA molecule which forms the backbone of a chro- 
mosome. Clustered repeats are associated with well-defined regions of one or more chromosomes, e.g., the centro- 
meric region. If one or more clustered repeats form a sizable fraction of a chromosome, and are shared with one or 

25 more non-target regions of the genome and are consequently removed from the heterogeneous mixture of fragments 
employed in the Invention or the hybridization capacity thereof Is disabled, perfect uniformity of staining of the target 
- region may not be possible. That situation Is comprehended by the use of the term "substantially uniform" In reference 
to the binding of the heterogeneous mixture of labeled nucleic acid fragments to the target. 

Chromosome-specific staining of the current invention is accomplished by using nucleic acid fragments that hy- 

30 bridize to sequences specific to the target. These sequences may be either single-copy or repetitive, wherein the copies 
of the repeat occur predominantly in the target area. Figure 4H and the results of the work detailed in section V infra 
indicate that probes can be made of single-copy sequences. IHowever, in probes such as that of Figure 4B, low-copy 
chromosome-specific repeats [Nakamura et al., and Bardoni et al., supra] may contribute to the hybridization as well. 
If nucleic acid fragments complementary to non-target regions of the genome are included in the probe, for example, 

35 shared repetitive sequences or non-specific sequences, their hybridization capacity needs to be sufficiently disabled 
or their prevalence sufficiently reduced, so that adequate staining contrast can be obtained. Section V and Figure 4H 
show examples of hybridization with probes that contain pools of clones in which each clone has been individually 
selected so that it hybridizes to single-copy sequences or very low copy repetitive sequences. The remaining figures 
illustrate use of probes that contain fragments that could have hybridized to high-copy repetitive sequences, but which 

40 have had the hybridization capacity of such sequences disabled. 

The nucleic acid probes of this invention need not be absolutely specific for the targeted portion of the genome. 
They are Intended to produce "staining contrast". "Contrast" is quantified by the ratio of the stain Intensity of the target 
region of the genome to that of the other portions of the genome. For example, a DNA library produced by cloning a 
particular chromosome, such as those listed in Table I. can be used as a probe capable of staining the entire chromo- 

45 some. The library contains sequences found only on that chromosome, and sequences shared with other chromo- 
somes. In a simplified (approximately true to life) model of the human genome, about half of the chromosomal DNA 
falls into each class. If hybridization with the whole library were capable of saturating all of the binding sites, the target 
chromosome would be twice as bright (contrast ratio of 2) as the others since it would contain signal from the specific 
and shared sequences in the probe, whereas the other chromosome would only have signal from the shared sequences. 

50 Thus, only a modest decrease In hybridization of the shared sequences in the probe would substantially enhance the 
contrast. Contaminating sequences which only hybridize to non-targeted sequences, for example, Impurities in a library, 

-carvbe-tolerated ln^he probe-to the extent that said sequences^io not reduce the-staining contrast-be 

In reality all of the target sites may not be saturated during the hybridization, and many other mechanisms contribute 
to producing staining contrast, but this model illustrates one general consideration In using probes targeted at a large 

55 portion of a genome. 

The required contrast depends on the application for which the probe is designed. When visualizing chromosomes 
and nuclei, etc., microscopically, a contrast ratio of two or greater is often sufficient for identifying whole chromosomes. 
In Figures 4D-F, the contrast ratio is 3-5. The smaller the individual segments of the target region, the greater the 
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contrast needs to be to permit reliable recognition of the target relative to the fluctuations in staining of the non-targeted 
regions. When quantifying the amount of target region present in a cell nucleus by fluorescence intensity measurements 
using flow cytometry or quantitative microscopy, the required contrast ratio is on the order of 1/T or greater on average 
for the genome, where T is the fraction of the genome contained in the targeted region. When the contrast ratio is 
5 equal to 1/T. half of the total fluorescence intensity comes from the target region and half from the rest of the genome. 
For example, when using a high complexity probe for chromosome 1, which comprises about 10% of the genome, the 
required contrast ratio is on the order of 10, that is, for the chromosome 1 fluorescence intensity to equal that of the 
rest of the genome. 

Background staining by the probe, that is, to the non-target region of the genome, may not be uniform. Figure 4F 
10 shows that a chromosome 21 specific probe contains probe fragments that hybridize weakly to compact regions near 
the centromeres of other acrocentric human chromosomes. This degree of non-specificity does not inhibit its use in 
the illustrated applications. For other applications, removal of or further disabling the hybridizationcapacity of the probe 
fragments that bind to these sequences may be necessary. 

For other applications, repetitive sequences that bind to centromeres, for example, alpha^atellite sequences, and/ 
15 or telomeres can be part of the chromosome-specific staining reagents wherein the target includes some or all of the 
centromeres and/or telomeres in a genome along with perhaps other chromosomal regions. Exemplary of such an 
application would be that wherein the staining reagent is designed to detect random structural aberrations caused by 
clastogenic agents that result in dicentric chromosomes and other structural abnormalities, such as translocations. 
Addition of sequences which bind to all centromeres in a genome, for example to the probe used to create the staining 
20 pattem of Figure 4D. would allow more reliable distinguishing between dicentrics and translocations. 

Application of staining reagents of this invention to a genome results in a substantially uniform distribution of probe 
hybridized to the targeted regions of a genome. The distribution of bound probe is deemed "substantially uniform" if 
the targeted regions of the genome can be visualized with useful contrast. For example, a target is substantially uni- 
formly stained In the case wherein it is a series of visually separated loci if most of the loci are visible in most of the cells. 
25 "Substantial proportions" in reference to the base sequences of nucleic acid fragments that are complementary to 

chromosomal DNA means that the complementarity is extensive enough so that the fragments form stable hybrids 

with the chromosomal DNA under the hybridization conditions used. In particular, the term comprehends the situation 

where the nucleic acid fragments of the heterogeneous mixture possess some regions of sequence that are not perfectly 
complementary to target chromosomal material. The stringency can be adjusted to control the precision of the com- 
30 plementarity required for hybridization. 

The phrase "metaphase chromosomes" is herein defined to mean not only chromosomes condensed in the met- 
aphase stage of mitosis but includes any condensed chromosomes, for example, those condensed by premature chro- 
mosome condensation. 

To disable the hybridization capacity of a nucleic acid sequence is herein sometimes abbreviated as "disabling the 
35 nucleic acid sequence". 

The methods and reagents of this invention find a particulariy appropriate application in the field of diagnostic 
cytogenetics, particulariy in the field of diagnostic interphase cytogenetics. Detecting genetic rearrangements that are 
associated with a disease, such as cancer, are a specific application of the chromosome specific reagents and staining 
methods of this invention. 

40 Contiguous gene syndromes are an example of the genetic rearrangements that the probes and methods of this 

invention can Identify. Contiguous gene syndromes are characterized by the presence of several closely spaced genes 
which are In multiple and/or reduced copy number. Down syndrome is an example of a contiguous gene syndrome 
wherein an extra copy of a chromosomal region containing several genes is present. 

Particulariy described herein is the application of chromosome specific reagents and methods for detecting genetic 

45 rean-angements that produce the BCR-ABL fusion associated with CML. Such reagents are exemplary of disease 
specific, in this case tumor specific, probes which can be labeled, directly and/or indirectly, such that they are visual- 
izable when bound to the targeted chromosomal material, which in the case of CML, is the vicinity of the translocation 
breakpoint regions of chromosomal regions 9q34 and 22q11 known to be associated with CML. In the examples pro- 
vided in Section VIII of this application, the probes are labeled such that a dual color fluorescence is produced in the 

50 staining pattern of said probes upon In situ hybridization [fluorescent in situ hybridication (FISH)]; however, staining 
patterns can be produced in many colors as well as other types of signals, and any visualization means to signal the 

■ probe-bound-to its target- can-be-used in 4hemethods of4his invention; — 

Section VIII herein describes representative methods and reagents of this invention to detect genetic rearrange- 
ments. The examples of Section VIII concern genetic rearrangements that produce the BCR-ABL fusion that is char- 

55 acteristic of CML, The approach in such examples is based on FISH with probes from chromosomes 9 and 22 that 
flank the fused BCR and ABL sequences in essentially all cases of CML (Figure 8). The probes when hybridized to 
the chromosomal material of both normal and abnormal cells produce staining patterns that are different as illustrated 
in Figures 8-12. The staining patterns produced by such exemplary probes are different In normal and abnomnat cells; 
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the staining pattern present when the genetic rearrangement occurs is distinctively altered from that of the staining 

pattern shown by hybridizing the probes to chromosomal material that does not contain the genetic rearrangement. 

Further, staining patterns are distinctively different for one type of genetic rearrangement versus another For example, 

the staining patterns produced upon hybridization of nucleic acid probes of this invention to chromosomal material 
5 containing a genetic reanrangement associated with ALL is distinctively different from that produced upon hybridization 

of such probes to chromosomal material containing the BCR-ABL fusion characteristic of CML. Thus, the methods and 

reagents of this Invention provide for differential diagnosis of related diseases. 

The examples of Section VIII provide for the diagnosis of CML based upon the proximity of the fluorescent signals 

in the staining patterns, and rely upon a 1 micron cutoff point for determination of the presence of a fusion. The proximity 
10 distance of signals Is only one characteristic, among many others, of signals that can be used to detect the presence 

of a genetic rearrangement. Further, the proximity distance is dependent on the particular cell preparation techniques 

employed and the size of the nuclei therein, and for a particular cell preparation is relative depending on the distance 

between signals in normal and abnormal cells. 

The staining patterns exemplified in the examples of Section VIII are representative of one type of probe strategy. 
15 Many other probe strategies can be employed. Figure 1 1 illustrates some other exemplary probe strategies for detecting 

genetic rearrangements, the patterns of which can be modified and optimized and otherwise varied to detect particular 

genetic rearrangements. 

Use of other disease specific reagents of this invention would be analogous to the methods detailed in Section 
VIII for CML. For example, the diagnosis and study of acute lymphocytic leukemia (ALL) may be accomplished by 

20 replacing the BCR probe (PEM12) of Section VIM with a probe from the 5' end of the BCR gene. ALL is of particular 
interest because thePh' chromosome is the most common cytogenetic abnormality in that disease, and the presence 
of such a chromosome is indicative of a very aggressive neoplasm. 

The methods and reagents herein exemplified, particulariy In Section Vlll, provide for the means to distinguish 
between cytogenetically similar but genetically different diseases. "Cytogenetically" in that particular context refers to 

25 a similarity determined by conventional banding analysis. CML and ALL are in that context cytogenetically similar in 
that conventional banding analysis can not distinguish them because the breakpoints associated with each are so 

- close together in the human genome. . . — 

Further, this invention provides methods and reagents that can be used in a cytogenetic research mode for the 
study of the molecular bases of genetic disease. For example. If an abnormality in a person's karyotype is noted by 

30 conventional banding analysis, the probes and reagents of this invention can be used to detect any genetic rearrange- 
ments In the vicinity of said abnormality. The underiying molecular basis of the abnormality can be determined by the 
methods and reagents of this invention, and the resulting differences at the genetic level may be indicative of different 
treatment plans and prognostically important. The underiying genetic rearrangements may be found to be consistently 
associated with a set of phenotypic characteristics In a population. 

35 The following sections provide examples of making and using the staining compositions of this Invention and are 

for purposes of illustration only and not meant to limit the invention in any way. Also included in the following description 
are examples of screening metaphase spreads. While such examples are not included within the scope of the present 
claims, they are considered to be useful in understanding and applying the present Invention which relates to the 
detection of translocations In interphase cells. The following abbreviations are used. 

40 



Abbreviations 


BN 


bicarbonate buffer with NP-40 


DAPI 


4,6-dlamidino-2-phenylindole 


DCS 


as in fluorescein-avidin DCS (a commercially available cell sorter grade of fluorescein Avidin D) 


AAF 


N-acetoxy-N-2-acetyl-aminofluorene 


EDTA 


ethylenediaminetetraacetate 


FACS 


fluorescence-activated cell sorting 


FITC 


fluorescein isothlocyanate 


IB 


isolation buffer 


NP-40 


non-ionic detergent commercially available from Sigma as Nonidet P-40 (SL Louis, MO) 


PBS 


phosphate-buffered saline 


PI 


propldium Iodide 


PMSF 


phenylmethylsulfonyl fluoride 


PN buffer 


mixture of 0.1 M NaH2P04 and 0.1 M Na2HP04, pH 8; 0.1% NP-40 


PNM buffer 


Pn buffer plus 5% nonfat dry milk (centrifuged); 0.02% Na azide 
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(continued) 


Abbreviations 


SDS 


sodium dodecyl sulfate 


SSC 


0.15 M NaCI/0.015 M Na citrate, pH7 


VNTR 


variable number tandem repeat 



I. Methods of Preparing Chromosome-Specific Staining Reagents 

I.A. Isolation of Chromosome-Specific DNA and Fomiation of DNA Fragment Libraries. 

The first step In a preferred method of making the compositions of the invention Is isolating chromosome-specific 
DNA (which term Includes target-specific and/or region-specific DNA, as indicated above, wherein specific refers to 
the origin of the DNA). This step includes first isolating a sufficient quantity of the particular chromosome type or 
chromosomal subregion to which the staining composition is directed, then extracting the DNA from the Isolated chro- 
mosome(s) or chromosomal subregion(s). Here "sufficient quantity" means sufficient for carrying out subsequent steps 
of the method. Preferably, the extracted DNA is used to create a library of DNA inserts by cloning using standard 
genetic engineering techniques. 

Preferred cloning vectors include, but are not limited to, yeast artificial chromosomes (YACS), plasmids, bacteri- 
ophages and cosmids. Preferred plasmids are Bluescribe plasmids; preferred bacteriophages are lambda insertion 
vectors, more preferably Charon 4A, Charon 21 A, Charon 35, Charon 40 and GEM11; and prefen^ed cosmids Include 
Lawrist 4, Lawrist 5 and sCos1. 

As indicated above, the DNA can be isolated from any source. Chromosome-specific staining reagents can be 
made from both plant and animal DNA according to the methods of this invention. Important sources of animal DNA 
are mammals, particularly primates or rodents wherein primate sources are more particularly human and monkey, and 
rodent sources are more particularly rats or mice, and more particularly mice. 

1. Isolating DNA from an Entire Chromosome . A preferred means for isolating particular whole chromosomes 
(specific chromosome types) is by direct flow sorting [fluorescence-activated cell sorting (FACS)] of metaphase chro- 
mosomes with or without the use of interspecific hybrid cell systems. For some species, every chromosome can be 
Isolated by cun-ently available sorting techniques. Most, but not all. human chromosomes are currently isolatable by 
flow sorting from human cells, Carrano et al., "Measurement and Purification of Human Chromosomes by Flow Cy- 
tometry and Sorting." Proc. Natl. Acad. Sci .. Vol. 76, pp. 1382-1384 (1979). Thus, for isolation of some human chro- 
mosomes, use of the human/rodent hybrid cell system may be necessary, see Kao, "Somatic Cell Genetics and Gene 
Mapping," InternationalReview of Cytology., Vol. 85, pp. 109-146 (1983), for a review, and Gusella et al., "Isolation and 
Localization of DNA Segments from Specific Human Chromosomes," Proc. Natl. Acad. Sci ., Vol. 77, pp. 2829-2833 
(1980). Chromosome sorting can be done by commercially available fluorescence-activated sorting machines, e.g.. 
Becton Dickinson FACS-II. Coulter Epics V sorter, or special purpose sorters optimized for chromosome sorting or like 
instrument. 

DNA is extracted from the isolated chromosomes by standard techniques, e.g., Marmur, "A Procedure for the 
Isolation of Deoxyribonucleic Acid from Micro-Organisms," J. Mol. Biol ., Vol. 3, pp. 208-218 (1961); or Maniatis et aL, 
Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory, 1982) pp. 280-281. These references are 
incorporated by reference for their descriptions of DNA isolation techniques. 

Generation of insert libraries from the isolated chromosome-specific DNA is carried out using standard genetic 
engineering techniques, e.g., Davies et al., "Cloning of a Representative Genomic Library of the Human X Chromosome 
After Sorting by Flow Cytometry," Nature , Vol. 293, pp. 374-376 (1 981 ); Krumlauf et al.. "Construction and Character- 
ization of Genomic Libraries from Specific Human Chromosomes," Proc. Natl. Acad. Sci ., Vol. 79, pp. 2971-2975 (1982); 
Lawn et al., "The Isolation and Characterization of Linked Delta-and-Beta-Globin Genes from a Cloned Library of 
Human DNA. " Cell, Vol. 15, pp. 1157-1174 (1978); and Maniatis et al., "Molecular Cloning: A Laboratory Manual ." 
(Cold Springs Harbor Laboratory. 1982), pp. 256-308; Van Dilla et al., id; Fuscoe. Gene, 52: 291 (1987); and Fuscoe 
et al.. Cytogenet. Cell Genet ., 43: 79 (1986). 

RecombinantDNA libraries for each of the human chromosomes have been constructed by the National Laboratory 
Gene Library Project and are available from the American Type Culture Collection. [Van Dilia et al., Biotechnology . 4: 
537 (1986).] Small insert-containing libraries were constructed by complete digestion of flow sorted human chromo- 
some genomic DNA with Hindlll or EcoRI and cloning into the Lambda insertion vector Charon 21A. The vector is 
capable of accepting human inserts of up to 9.r kb in size. Thus, Hind lll (or EcoRI) restriction fragments greater than 
9.1* kb will not be recovered from these libraries. The observed average insert size in these libraries is approximately 
4 kb. A representative list of the Hind lll chromosome-specific libraries with their ATCC accession numbers are shown 
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TABLE 1 



5 



10 



20 



25 



30 



35 



HUMAN CHROMOSOME - SPECIFIC GENOMIC LIBRARIES IN CHARON 21 A VECTOR 


CHROMOSOME 


ATCC# 


LIBRARY 


1 


57753 


LL01NS01 


1 


57754 


LL01 NS02 


2 


57744 




3 


57751 


LL03NS01 


4 


57700 




4 


57745 


LL04NS02 


5 


57746 


LL05NS01 


6 


57701 


LL06NS01 


7 


57755 


LL07NS01 


8 


57702 


LL08NS02 


9 


57703 


L L09NS01 


10 


57736 


L L10NS01 


11 


57704 


LL11NS01 


12 


57756 


LL12NS01 


13 


57705 


LL13NS01 


13 


57757 


LL13NS02 


14 


57706 


LL14NS01 


14/15 


57707 


LL99NS01 


15 


57737 


LL15NS01 


16 


57758 


LL16NS03 


17 


57759 


LL17NS02 


18 


57710 


LL18NS01 


19 


57711 


LL19NS01 


20 


57712 


LL20NS01 


21 


57713 


LL21NS02 


22 


57714 


LL22NS01 


X 


57747 


LL0XNS01 


Y 


57715 


LL0YNS01 



Alternatively, the extracted DNA from a sorted chromosome type can be amplified by the polymerase chain reaction 
(PCR) rather than cloning the extracted DNA in a vector or propagating it in a cell line. Appropriate tails are added to 
the extracted DNA in preparation for PCR. References for such PCR procedures are set out in Section I.B infra. 

Other possible methods of isolating the desired sequences from hybrid cells include those of Schmeckpeper et 
al., "Partial Purification and Characterization of DNA from Human X Chromosome." Proc. Natl. Acad. Sci ., Vol. 76, pp. 
6525-6528 (1979); or Olsen et al., supra (in Background ). 

2. Isolating DNA from a Portion of a Chromosome . Among the methods that can be used for isolating region- 
specific chromosomal DNA Include the selection of an appropriate chromosomal region from DNA that has previously 
been mapped, for example, from a library of mapped cosmids; the sorting of derivative chromosomes, for example, 
by FACS; the microdissection of selected chromosomal material; subtractive hybridization; identification of an appro- 
priate hybrid cell containing a desired chromosomal fragment, extracting and amplifying the DNA, and selecting the 
desired amplified DNA; and the selection of appropriate chromosomal material from radiation hybrids. The standard 
genetic engineering techniques outlined above in subsection I.A.1 are used in such procedures well-known to those 
in-the art. Amplification of the region-specific DNA can be performed by cloning in an appropriate vectGr,-propagating — 
In an appropriate cell line, and/or by the use of PCR (see I.B infra). 

A preferred method of isolating chromosomal region-specific DNA is to use mapped short DNA sequences to probe 
a library of longer DNA sequences, wherein the latter library has usually been cloned in a different vector. For example, 
a probe cloned in a plasmid can be used to probe a cosmid or yeast artificial chromosome (YAC) library. By using an 
initial seed probe, overlapping clones in the larger insert library can be found (a process called "walking"), and a higher 
complexity probe can be produced for reliable staining of the chromosomal region surrounding the seed probe. UIti- 
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mately, when an entire genome for a species has been mapped (for example, by the Human Genome Project for the 
human species), ordered clones for the entire genome of the species will be available. One can then easily select the 
appropriate clones to form a probe of the desired specificity 

Another method of isolating DNA from a chromosomal region or regions (or also a whole chromosome) is to prop- 

5 agate such a chromosomal region or regions in an appropriate cell line (for example, a hybrid cell line such as a human/ 
hamster hybrid cell), extract the DNA from the cell line and clone it in an appropriate vector and select clones containing 
human DNA to form a library. When a hybrid cell is used, the chromosomes in the hybrid cell containing the human 
chromosomal material may be separated by flow sorting (FACS) prior to Cloning to increase the frequency of human 
clones in the library. Stili further, total DNA from the hybrid cell can be isolated and labeled without further cloning and 

10 used as a probe, as exemplified in Figure 6. 

3. Single-Stranded Probes . In some cases, It Is preferable that the nucleic acid fragments of the heterogeneous 
mixture consist of single-stranded RNA or DNA. Under some conditions, the binding efFiciency of single-stranded nu- 
cleic acid probes has been found to be higher during in situ hybridization, e.g., Cox et a!., "Detection of mRNAs In Sea 
Urchin Embryos by In Situ Hybridization Using Asymmetric RNA Probes," Developmental Biology , Vol. 101 , pp. 485-502 

15 (1984). 

Standard methods are used to generate RNA fragments from isolated DNA fragments. For example, a method 
developed by Green et al., described in Cell , Vol. 32, pp. 681-694 (1983). Is commercialy available from Promega 
Biotec (Madison, Wl) under the tradename "Riboprobe." Other transcription kits suitable for use with the present in- 
vention are available from United States Biochemical Corporation (Cleveland, OH) under the tradename "Genescribe. 

20 " Single-stranded DNA probes can be produced with the single-stranded bacteriophage Ml 3, also available in kit fonri, 
e.g. Bethesda Research Labora- tones (Gaithersburg, MD). The hybridizations illustrated in Figure 4 were performed 
with the libraries of Table 1 subcloned into the Bluescribe plasmid vector (Stratagene, La Jolla. CA). The Bluescribe 
plasmid contains RNA promoters which permit production of single-stranded probes. 

Section IX, infra provides methods for preparing and applying non-self-complementary single-stranded nucleic 

25 acid probes that improve signal-to-noise ratios attainable in in situ hybridization by reducing non-specific and mis- 
. . matched binding of the probe. That section further provides for methods of denaturing double-stranded target nucleic 
acid which minimizes single-stranded regions available for hybridization that are non-complementary to probe sequenc- 
es. Briefiy, probe is constructed by treating DNA with a restriction enzyme and an exonuclease to form template/primers 
for a DNA polymerase. The digested strand is resynthesized In the presence of labeled nucleoside triphosphate pre- 

30 cursor, and the labeled single-stranded fragments are separated from the resynthesized fragments to form the probe. 
The target nucleic acid is treated with the same restriction enzyme used to construct the probe, and is treated with an 
exonuclease before application of the probe. 

I. B.PCR 

35 

Another method of producing probes of this invention includes the use of the polymerase chain reaction [PCR]. 
[For an explanation of the mechanics of PCR, see Saiki et al., Science , 230: 1350 (1985) and U.S. Patent Nos. 
4,683,195, 4,683,202 (both Issued July 28, 1987) and 4,800,159 (Issued January 24, 1989).] Target-specific nucleic 
acid sequences, isolated as indicated above, can be amplified by PCR to produce target-specific sequences which 
40 are reduced in or free of repetitive sequences. The PCR primers used for such a procedure are for the ends of the 
repetitive sequences, resulting in amplification of sequences fianked by the repeats. 

Figure 7 illustrates such a method of using PCR wherein the representative repetitive sequence is AIu. If only short 
segments are amplified, it is probable that such sequences are free of other repeats, thus providing DNA reduced in 
repetitive sequences. 

45 One can further suppress production of repetitive sequences in such a PCR procedure by first hybridizing com- 

plementary sequences to said repetitive sequence wherein said complementary sequences have extended non-com- 
plementary flanking ends or are terminated In nucleotides which do not permit extension by the polymerase. The non- 
complementary ends of the blocking sequences prevent the blocking sequences from acting as a PCR primer during 
the PCR process. 

50 

II. Removal of Repetitive Sequences and/or Disabling the Hybridization Capacity of Repetitive Sequences 

Typically a probe of the current invention is produced in a number of steps including: obtaining source nucleic acid 
sequences that are complementary to the target region of the genome, labeling and othenA/ise processing them so that 
55 they will hybridize efficiently to the target and can be detected after they bind, and treating them to either disable the 
hybridization capacity or remove a sufficient proportion of shared repetitive sequences, or both disable and remove 
such sequences. The order of these steps depends on the specific procedures employed. 

The following methods can be used to remove shared repetitive sequences and/or disable the hybridization ca- 



EP 0 430 402 B1 



pacity of such shared repetitive sequences. Such methods are representative and are expressed schematically in 
terms of procedures well known to those of ordinary skill the art, and which can be modified and extended according 
to parameters and procedures well known to those in the art. 

1. Single-copy probes . A single-copy probe consists of nucleic acid fragments that are complementary to single- 

5 copy sequences contained in the target region of the genome. One method of constructing such a probe is to start with 
a DNA library produced by cloning the target region. Some of the clones in the library will contain DNA whose entire 
sequence is single-copy; others will contain repetitive sequences; and still others will have portions of single-copy and 
repetitive sequences. Selection, on a clone by clone basis, and pooling of those clones containing only single-copy 
sequences will result in a probe that will hybridize specifically to the target region. The single-copy nature of a clone 

10 can ultimately be established by Southern hybridization using standard techniques. Figure 4H shows hybridization with 
120 clones selected in this way from a chromosome 4 library. 

Southern analysis is very time consuming and labor intensive. Therefore, less perfect but more efficient screening 
methods for obtaining candidate single-copy clones are useful. In Section V.B, examples of improved methods are 
provided for screening individual phage and plasmid clones for the presence of repetitive DNA using hybridization with 

15 genomic DNA. The screening of plasmid clones is more efficient, and approximately 80% of selected clones contain 
only single-copy sequences; the remainder contain low-copy repeats. However, probes produced in this way can pro- 
duce adequate staining contrast, indicating that the low-copy repetitive sequences can be tolerated in the probe (see 
subsection 3 of this section). 

A disadvantage of clone by clone procedures is that a clone is discarded even if only a portion of the sequence it 

20 contains is repetitive. The larger the length of the cloned nucleic acid, the greater the chance that it will contain a 
repetitive sequence. Therefore, when nucleic acid is propagated in a vector that contains large inserts such as a cosmid, 
YAC, or in a cell line, such as hybrid cells, it may be advantageous to subclone it in smaller pieces before the single- 
copy selection is perfomfied. The selection procedures just outlined above do not discriminate between shared and 
specific repetitive sequences; clones with detectable repetitive sequences of either type are not used in the probe. 

25 2. Individual testing of hybridization properties . The hybridization specificity of a piece of nucleic acid, for example, 

a clone, can be tested by in situ hybridization. If under appropriate hybridization conditions it binds to single-copy or 
repetitive sequences specific for the desired target region, it can be included in the probe. Many sequences with specific 
hybridization characteristics are already known, such as chromosome-specific repetitive sequences [Trask et al., supra , 
(1988) and references therein], VNTRs, numerous mapped single copy sequences. More are continuously being 

30 mapped. Such sequences can be included in a probe of this invention. 

3. Bulk Procedures . In many genomes, such as the human genome, a major portion of shared repetitive DNA is 
contained in a few families of highly repeated sequences such as Alu. A probe that is substantially free of such high- 
copy repetitive sequences will produce useful staining contrast in many applications. Such a probe can be produced 
from some source of nucleic acid sequences, for example, the libraries of Table I, with relatively simple bulk procedures. 

35 Therefore, such bulk procedures are the preferred methods for such applications. 

These methods primarily exploit the fact that the hybridization rate of complementary nucleic acid strands increases 
as their concentration increases. Thus, if a heterogeneous mixture of nucleic acid fragments is denatured and incubated 
under conditions that permit hybridization, the sequences present at high concentration will become double-stranded 
more rapidly than the others. The double-stranded nucleic acid can then be removed and the remainder used as a 

40 probe. Alternatively, the partially hybridized mixture can be used as the probe, the double-stranded sequences being 
unable to bind to the target. The following are methods representative of bulk procedures that are useful for producing 
the target-specific staining of this invention. 

3a. Self-reassociation of the probe . Double-stranded probe nucleic acid in the hybridization mixture is denatured 
and then incubated under hybridization conditions for a time sufficient for the high-copy sequences in the probe to 

45 become substantially double-stranded. The hybridization mixture is then applied to the sample. The remaining labeled 
single-stranded copies of the highly repeated sequences bind throughout the sample producing a weak, widely dis- 
tributed signal. The binding of the multiplicity of low-copy sequences specific for the target region of the genome produce 
an easily distinguishable specific signal. 

Such a method is exemplified in Section VLB (infra) with chromosome-specific libraries for chromosomes 4 and 

50 21 (pBS4 and pBS21) as probes for those chromosomes. [Pinkel et al., PNAs (USA) , 85: 85:9138-9142 (December 
1988)]. The hybridization mix, containing a probe concentration in the range of 1-10 ng/ul was heated to denature the 

• probe and incubated at 37**G-for 24 hours prior to application-to-the-sample.-- — - 

3b. Use of blocking nucleic acid . Unlabeled nucleic acid sequences which are complementary to those sequences 
in the probe whose hybridization capacity it is desired to inhibit are added to the hybridization mixture. The probe and 

55 blocking nucleic acid are denatured, if necessary, and incubated under appropriate hybridization conditions. The se- 
quences to be blocked become double-stranded more rapidly than the others, and therefore are unable to bind to the 
target when the hybridization mixture is applied to the target. In some cases, the blocking reaction occurs so quickly 
that the incubation period can be very short, and adequate results can be obtained if the hybridization mix is applied 
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to the target Immediately after denaturation. A blocking method is generally described by Sealy et al., "Removal of 
Repeat Sequences fonm Hybridization Probes", Nucleic Acid Research . 13: 1905 (1985). Examples of blocking nucleic 
acids include genomic DNA, a high-copy fraction of genomic DNA and particular sequences as outlined below (i-iii). 

.3b.i. Genomic DNA . Genomic DNA contains all of the nucleic acid sequences of the organism In proportion.to their 
copy-number in the genome. Thus, adding genomic DNA to the hybridization mixture Increases the concentration of 
the high-copy repeat sequences more than low-copy sequences, and therefore is more effective at blocking the former 
However, the genomic DNA does contain copies of the sequences that are specific to the target and so will also reduce 
the desired chromosome-specific binding if too much is added. Guidelines to determine how much genomic DNA to 
add (see S.e. Concept of Q , infra) and examples of using genomic blocking DNA are provided below. The blocking 
effectiveness of genomic DNA can be enhanced under some conditions by adjusting the timing of its addition to the 
hybridization mix; examples of such timing adjustments are provided with Protocol I and Protocol II hybridizations 
illustrated in Figures 4B through E (Protocol 1) and Figure 4F (Protocol II) and detailed in Section VI, Infra. 

Sb.ii. High-copy fraction of genomic DNA . The difficulty with use of genomic DNA is that it also blocks the hybrid- 
ization of the low-copy sequences, which are predominantly the sequences that give the desired target staining. Thus, 
fractionating the genomic DNA to obtain only the high-copy sequences and using them for blocking overcomes this 
difficulty. Such fractionation can be done, for example, with hydroxyapatlte as described below (3c.i). 

3b.ili. Specified sequences . The blocking of a particular sequence In the probe can be accomplished by adding 
many unlabeled copies of that sequence. For example, Alu sequences In the probe can be blocked by adding cloned 
Alu DNA. Blocking DNA made from a mixture of a few clones containing the highest copy sequences in the human 
genome can be used effectively with chromosome-specific libraries for example, thosie of Table 1. Alternatively, unla- 
beled nucleic acid sequences from one or more chromosome-specific libraries could be used to block a probe containing 
labeled sequences from one or more other chromosome-specific libraries. The shared sequences would be blocked 
whereas sequences occurring only on the target chromosome would be unaffected. Figure 4F shows that genomic 
DNA was not effective in completely blocking the hybridization of a sequence or sequences shared by human chro- 
mosome 21 and the centromeric regions of the other human acrocentric chromosomes. When a clone or clones con- 
taining such a sequence or sequences is or are eventually Isolated, unlabeled DNA produced therefrom could be added 
to the genomic blocking DNA to improve the specificity of the staining. 

3c. Removal of Sequences . 

3c.i. Hydroxyapatite . Single- and double-stranded nucleic acids have different binding characteristics to hydroxya- 
patite. Such characteristics provide a basis commonly used for fractionating nucleic acids. Hydroxyapatite is commer- 
ically available (eg. Bio-Rad Laboratories, Richmond, CA). The fraction of genomic DNA containing sequences with a 
particular degree of repetition, from the highest copy-number to single-copy, can be obtained by denaturing genomic 
DNA, allowing it to reassociate under appropriate conditions to a particular value of Cot followed by separation using 
hydroxyapatite. The single- and double-stranded nucleic acid can also be discriminated by use of SI nuclease. Such 
techniques and the concept of C^t are explained in Britten et al., "Analysis of Repeating DNA Sequences by Reasso- 
ciation". in Methods in Enzymology . Vol. 29, pp. 363-418 (1974). 

The single-stranded nucleic acid fraction produced in 3a. or 3b. above can be separated by hydroxyapatite and 
used as a probe. Thus, the sequences that have been blocked (that become double-stranded) are physically removed. 
The probe can then be stored until needed. The probe can then be used without additional blocking nucleic acid, or 
its staining contrast can perhaps be Improved by additonal blocking. 

3c.li. Reaction with Immobilized nucleic acid . Removal of particular sequences can also be accomplished by at- 
taching single-stranded "absorbing" nucleic acid sequences to a solid support. Single-stranded source nucleic acid is 
hybridized to the immobilized nucleic acid. After the hybridization, the unbound sequences are collected and used as 
the probe. For example, human genomic DNA can be used to absorb repetitive sequences from human probes. One 
such method is described by Brison et al., "General Method for Cloning Amplified DNA by Differential Screening with 
Genomic Probes," Molecular and Cellular Biology , Vol. 2. pp. 578-587 (1982). Briefly, minimally sheared human ge- 
nomic DNA is bound to diazonium cellulose or a like support. The source DNA, appropriately cut into fragments, is 
hybridized against the immobilized DNA to Cot values in the range of about 1 to 100. The preferred stringency of the 
hybridization conditions may vary depending on the base composition of the DNA. Such a procedure could remove 
• repetitive sequences-from chromosome-specific libraries, for example, those of Table I, to produce s probe capable-of 
staining a whole human chromosome. 

3d. Blocking non-targeted sequences in the targeted genome . Blocking of non-targeted binding sites In the targeted 
genome by hybridization with unlabeled complementary sequences will prevent binding of labeled sequences In the- 
probe that have the potential to bind to those sites. For example, hybridization with unlabeled genomic DNA will render 
the high-copy repetitive sequences in the target genome double-stranded. Labeled copies of such sequences in the 
probe will not be able to bind when the probe is subsequently applied. 
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In practice, several mechanisms combine to produce the staining contrast. For example, when blocking DNA Is 
added to the probe as In 3b above, that which remains single-stranded when the probe is applied to the target can 
bind to and block the target sequences. If the incubation of the probe with the blocking DNA is minimal, then the 
genomic DNA simultaneously blocks the probe and competes with the probe for binding sites in the target. ... 

^ 3e. Concept of Q . As mentioned In section 3b.l above, it is necessary to add the correct amount of genomic DNA 

to achieve the best compromise between inhibiting the hybridization capacity of high-copy repeats in the probe and 
reducing the desired signal intensity by inhibition of the binding of the target-specific sequences. The following discus- 
sion pertains to use of genomic blocking DNA with probes produced by cloning or othenA^ise replicating stretches of 
DNA from the target region of the genome. Thus, the probe contains a representative sampling of the single-copy, 

10 - chromosome-specific repetitive sequences, and shared repetitive sequences found in the target. Such a probe might 
range In complexity from 100 kb of sequence derived from a small region of the genome, for example several closely 
spaced cosmid clones; to many millions of bases, for example a combination of multiple libraries from Table 1. The 
discussion below is illustrative and can be extended to other situations where different blocking nucleic acids are used. 
The following discussion of Q is designed only to give general guidelines as to how to proceed. 

15 The addition of unlabeled genomic DNA to a hybridization mix containing labeled probe sequences increases the 

concentration of all of the sequences, but increases the concentration of the shared sequences by a larger factor than 
the concentration of the target-specific sequences because the shared sequences are found elsewhere in the genome, 
whereas the target-specific sequences are not. Thus, the reassociation of the shared sequences is preferentially en- 
hanced so that the hybridization of the labeled copies of the shared sequences to the target is preferentially inhibited. 

20 To quantity this concept, first consider one of the sequences, repeat or single-copy, that hybridize specifically to 

the ith chromosome in a hybridization mixture containing a mass nrip of probe DNA from the ith chromosome library of 
TaWe 1 (for example) and m^ of unlabeled genomic DNA. The number of labeled copies of the sequence is proportional 
to mp. However, the number of unlabeled copies is proportional to fjmt,, where f j is the fraction of genomic DNA contained 
on the ith chromosome. Thus, the ratio of unlabeled to labeled copies of each of the sequences specific for the target 

25 chromosome, is fim^/mp, which is defined herein as Q. For normal human chromosomes, 0.01 e^fj^O.OS [Mendelsohn 
et al.. Science , 179 : 1126 (1973)]. For representative examples described in Section VLB (infra ), = 0.066 and f2t = 
0.016. For a probe targeted at a region comprised of L base pairs, -fj=l_/G where G is the number of base pairs in a 
genome (approximately 3x1 0^ bases for humans and other mammals). Thus, Q = (L/G) (m^m^). 

Now consider a shared sequence that is distributed more-or-less uniformly over the genome, for example, Alu. 

30 The number of labeled copies is proportional to mp, whereas the number of unlabeled copies is proportional to m^. 
Thus, the ratio of unlabeled to labeled copies is m5/mp=Q/fi. This is true for all uniformly distributed sequences, re- 
gardless of copy number. Thus adding genomic DNA Increases the concentration of each specific sequence by the 
factor 1+Q, whereas each uniformly distributed sequence is increased by the larger factor l+Q/fj. Thus, the reassoci- 
ation rates of the shared sequences are increased by a larger factor than those of the specific sequences by the add ition 

35 of genomic DNA. 

It can be shown that roughly half of the beneficial effect of genomic DNA on relative reassociation rates is achieved 
when Q=1, and, by Q=5, there is essentially no more benefit to be gained by further increases. Thus, the protocol I 
hybridizations of Section VLB infra keep Q<5. 

To illustrate the use of genomic blocking DNA, it is convenient to consider a model of a genome wherein 50% of 
40 the DNA is comprised of specific sequences (both repetitive and single-copy) and the other 50% of the DNA is comprised 
of shared repetitive sequences that are distributed uniformly over the genome. Thus, according to the model, If the 
target Is L bases (that is, the probe contains fragments representing L bases of the target area or areas of the genome), 
sequences containing 172 bases will be specific to the target, and L/2 will be shared with the entire genome. 

45 Ml. Labeling the Nucleic Acid Fragments of the Heterogeneous Mixture . 

Several techniques are available for labeling single- and double-stranded nucleic acid fragments of the heteroge- 
neous mixture. They include incorporation of radioactive labels, e.g. Harper et al. Chromosoma , Vol 83, pp. 431-439 
(1984); direct attachment of fluorochromes or enzymes, e.g. Smith et al., Nucleic Acids Research , Vol. 13, pp. 

50 2399-2412 (1985), and Connolly et al., Nucleic Acids Research , Vol. 13, pp. 4485-4502 (1985); and various chemical 
modifications of the nucleic acid fragments that render them detectable Immunochemically or by other affinity reactions. 

— e-g-Tchen^et alv, "Ghemieally-Modified Nucleic Acids as-lmmunodetectable Probes in Hybridization Exf>eriments,- ^roGT - - 

Natl. Acad. Sci ., Vol 81, pp. 3466-3470 (1984); Richardson et al., "Biotin and Fluorescent Labeling of RNA Using T4 
RNA Ligase," Nucleic Acids Research , Vol. 11, pp. 6167-6184 (1983); Langer et al., "Enzymatic Synthesis of Biotin- 

55 Labeled Polynucleotides: Novel Nucleic Acid Affinity Probes," Proc. Natl. Acad. Sci ., Vol. 78, pp. 6633-6637 (1981); 
Brigati et al., "Detection of Viral Genomes in Cultured Cells and Paraffin-Embedded Tissue Sections Using Biotin- 
Labeled Hybridization Probes," Virology , Vol. 126, pp. 32-50 (1983); Broker etal., "Electron Microscopic Visualization 
of tRNA Genes with Ferritin-Avldin: Biotin Labels," Nucleic Acids Research , Vol. 5, pp. 363-384 (1978); Bayer et al., 
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"The Use of the Avidin Biotin Complex as a Tool in Molecular Biology," Methods of Biochemical Analysis , Vol. 26, pp. 
1-45 (1980) Kuhlmann, Immunoenzyme Techniques In Cytochemistry (Weinheim. Basel, 1984). Langer-Safer et al., 
PNAS USA . 79: 4381 (1 982): Landegent et a!.. Exp. Cell Res ., 153 : 61 (1 984); and Hopman et al.. Exp. Cell Res .. 169 : 
357(1987). 

5 Exemplary labeling means include those wherein the probe fragments are biotlnylated. modified with N-acetoxy- 

N-2-acetylaminofluorene. modified with fluorescein isothiocyanate, modified with mercury/TNP llgand, sulfonated, di- 
goxigenenated or contain T-T dimers. 

The key feature of "probe labeling** is that the probe bound to the target be detectable. In some cases, an intrinsic 
feature of the probe nucleic acid, rather than an added feature, can be exploited for this purpose. For example, anti- 
10 bodies that specifically recognize RNA/DNA duplexes have been demonstrated to have the ability to recognize probes 
made from RNA that are bound to DNA targets [Rudkin and Stollar, Nature , 265 : 472-473 (1977)]. The RNA used for 
such probes is unmodified. Probe nucleic acid fragments can be extended by adding "tails" of modified nucleotides or 
particular normal nucleotides. When a normal nucleotide tail is used, a second hybridization with nucleic acid comple- 
mentary to the tail and containing fluorochromes, enzymes, radioactivity, modified bases, among other labeling means, 
15 allows detection of the bound probe. Such a system is commerically available from Enzo Biochem (Biobridge Labeling 
System; Enzo Biochem Inc., New York, N.Y.). 

Another example of a means to visualize the bound probe wherein the nucleic acid sequences in the probe do not 
directly carry some modified constituent is the use of antibodies to thymidine dimers. Nakane et al.,20 (2): 229 (1987), 
Illustrate such a method wherein thymine-thymine dimerlzed DNA (T-T DNA) was used as a marker for in situ hybrid- 
20 ization. The hybridized T-T DNA was detected immunohistochemically using rabbit anti-T-T DNA antibody. 

AH of the labeling techniques disclosed in the above references may be preferred under particular circum- stances. 
Accordingly, the above-cited references are in- corporated by reference. Further, any labeling techniques known to 
those in the art would be useful to label the staining compositions of this invention. Several factors govern the choice 
of labeling means, including the effect of the label on the rate of hybridization and binding of the nucleic acid fragments 
25 to the chromosomal DNA, the accessibility of the bound probe to labeling moieties applied after initial hybridization, 
the mutual compatibility of the labeling moieties, the nature and intensity of the signal generated by the label, the 
expense and ease in which the label is applied, and the like. . 

Several different high complexity probes, each labeled by a different method, can be used simultaneously. The 
binding of different probes can thereby be distinguished, for example, by different colors. 

30 

IV. In Situ Hybridization . 

Application of the heterogeneous mixture of the invention to chromosomes is accomplished by standard In situ 
hybridization techniques. Several excellent guides to the technique are available, e.g., Gall and Pardue, "Nucleic Acid 
35 Hybridization In Cytological Preparations," Methods in Enzymology , Vol. 21, pp. 470-480 (1981); Henderson, "Cyto- 
logical Hybridization to Mammalian Chromo- somes," International Review of Cytology , Vol. 76, pp. 1-46 (1982); and 
Angerer, et al.. "In Situ Hybridization to Cellular RNAs," In Genetic Engineering : Principles and Methods , Setlow and 
Hollaender, Eds., Vol. 7, pp. 43-65 (Plenum Press, New York, 1985). 

Three factors influence the staining sensitivity of the hybridization probes: (1) efficiency of hybridization (fraction 
40 of target DNA that can be hybridized by probe), (2) detection efficiency (I.e., the amount of visible signal that can be 
obtained from a given amount of hybridization probe), and (3) level of noise produced by nonspecific binding of probe 
or components of the detection system. 

Generally in situ hybridization comprises the following major steps: (1) fixation of tissue or biological structure to 
be examined, (2) prehybridization treatment of the biological structure to Increase accessibility of target DNA, and to 
45 reduce nonspecific binding, (3) hybridization of the heterogeneous mixture of probe to the DNA in the biological structure 
or tissue; (4) posthybridization washes to remove probe not bound in specific hybrids, and (5) detection of the hybridized 
probes of the heterogeneous mixture. The reagents used in each of these steps and their conditions of use vary de- 
pending on the particular situation. 

The following comments are meant to serve as a guide for applying the general steps listed above. Some exper- 
50 imentation may be required to establish optimal staining conditions for particular applications. 

In preparation for the hybridization, the probe, regardless of the method of its production, may be broken into 

fragments of-the size appropriate- tO'Obtain4he-best intensity-and specffieity of-hybridizationT -As a general -guideline 

concerning the size of the fragments, one needs to recognize that if the fragments are too long they are not able to 
penetrate into the target for binding and instead form aggregates that contribute background noise to the hybridization; 
55 however, if the fragments are too short, the signal intensity is reduced. 

Under the conditions of hybridization exemplified in Section VI .B wherein human genomic DNA is used as an agent 
to block the hybridization capacity of the high copy shared repetitive sequences, the preferred size range of the probe 
fragments is from about 200 bases to about 2000 bases, more preferably in the vicinity of 1 kb. When the size of the 
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probe fragments is in about the 800 to about 1000 base range, the preferred hybridization temperature is about 30^0 
to about AS'^C, more preferably about 35**C to about 40°C, and still more preferably about 37°C; prefen-ed washing 
temperature range is from about 40°C to about SO^'C, more preferably about 45°C. 

The size of the probe fragments is checked before hybridization to the target; preferably the size of the fragments 
is monitored by electrophoresis, more preferably by denaturing agarose gel electrophoresis. 

Fixatives include acid alcohol solutions, acid acetone solutions, Petrunkewitsch's reagent, and various aldehydes 
such as formaldehyde, paraformaldehyde, glutaraldehyde, or the like. Preferably, ethanol-acetic acid or methanol- 
acetic acid solutions in about 3:1 proportions are used to fix the chromosomes in metaphase spreads. For cells or 
chromosomes in suspension, a fixation procedure disclosed by Trask, et al., in Science , Vol. 230, pp. 1401-1402 (1985), 
is useful. Accordingly, Trask et al., is incorporated by reference. Briefly, K2CO3 and dimethylsuberimidate (DMS) are 
added (from a 5x concentrated stock solution, mixed immediately before use) to a suspension containing about 5x1 
nuclei/ml. Final K2CO3 and DMS concentrations are 20 mM and 3 mM, respectively. After 15 minutes at 25^C, the pH 
is adjusted from 10.0 to 8.0 by the addition of 50 microliters of 100 mM citric acid per milliliter of suspension. Nuclei 
are washed once by centrlfugatlon (300g, 10 minutes, 4°C In 50 mM kCI. 5 mM Hepes buffer, at pH 9.0, and 10 mM 
MgS04). 

A preferred fixation procedure for cells or nuclei in suspension is disclosed by Trask et a!.. Hum. Genet ., 78: 
251-259 (1988). Briefly, nuclei are fixed for about 10 minutes at room temperature in 1% parafonnaidehyde in PBS, 
50'mM MgS04, pH 7.6 and washed twice. Nuclei are resuspended in isolation buffer (IB) (50 mM KCI, 5 mM HEPES. 
10 mM MgS04, 3 mM dithioerythritol, 0.15 mg/ml RNase, pH 8.0)/0.05% Triton X-100 at lO^/ml. 

Frequently before In situ hybridization chromosomes are treated with agents to remove proteins. Such agents 
include enzymes or mild acids. Pronase, pepsin or proteinase K are frequently used enzymes. A representative acid 
treatment is 0.02-0.2 N HCI, followed by high temperature (e.g., 70°C) washes. Optimization of deproteinization re- 
quires a combination of protease concentration and digestion time that maximizes hybridization, but does not cause 
unacceptable loss of morphological detail. Optimum conditions vary according to tissue types and method of fixation. 
Additional fixation after protease treatment may be useful. Thus, for particular applications, some experimentation may 
be required to optimize protease treatment. 

In some cases pretreatment with RNase may be desirable to remove residual RNA from the target. Such removal - 
can be accomplished by incubation of the fixed chromosomes in 50-100 microgram/milliliter RNase in 2X SSC (where 
SSC is a solution of 0.15 M NaCL and 0.015M sodium citrate) for a period of 1-2 hours at room temperature. 

The step of hybridizing the probes of the heterogeneous probe mixture to the chromosomal DNA involves (1) 
denaturing the target DNA so that probes can gain access to complementary single-stranded regions, and (2) applying 
the heterogeneous mixture under conditions which allow the probes to anneal to complementary sites in the target. 
Methods for denaturation include incubation in the presence of high pH, low pH, high temperature, or organic solvents 
such as formamide, tetraalkylammonium halides, or the like, at various combinations of concentration and temperature. 
Single-stranded DNA in the target can also be produced with enzymes, such as, Exonuclease III [van Dekken et al.. 
Chromosome (Berl) 97: 1-5 (1988)]. The preferred denaturing procedure is incubation for between about 1-10 minutes 
in formamide at a concentration between about 35-95 percent in 2X SSC and at a temperature between about 25-70°C. 
Determination of the optimal incubation time, concentration, and temperature within these ranges depends on several 
variables, Including the method of fixation and type of probe nucleic acid (for example, DNA or RNA). 

After the chromosomal DNA is denatured, the denaturing agents are typically removed before application of the 
heterogeneous probe mixture. Where formamide and heat are the primary denaturing agents, removal is conveniently 
accomplished by several washes with a solvent, which solvent is frequently chilled, such as a 70%, 85%, 100% cold 
ethanol series. Alternatively the composition of the denaturant can be adjusted as appropriate for the in situ hybridization 
by addition of other consitutents or washes in appropriate solutions. The probe and target nucleic acid may be denatured 
simultaneously by applying the hybridization mixture and then heating to the appropriate temperature. 

The ambient physiochemical conditions of the chromosomal DNA and probe during the time the heterogeneous 
mixture is applied is referred to herein as the hybridization conditions, or annealing conditions. Optimal hybridization 
conditions for particular applications can be adjusted by controlling several factors, including concentration of the con- 
stituents, incubation time of chromosomes in the heterogeneous mixture, and the concentrations, complexities, and 
lengths of the nucleic acid fragments making up the heterogeneous mixture. Roughly, the hybridization conditions must 
be sufficiently close to the melting temperature to minimize nonspecific binding. On the other hand, the conditions 
H^nnot be so stringent-as to reduce-eorrec^hybridizations of complementary sequences below-detectable^ or-to- 
require excessively long incubation times. 

The concentrations of nucleic acid in the hybridization mixture is an important variable. The concentrations must 
be high enough so that sufficient hybridization of respective chromosomal binding sites occurs In a reasonable time 
(e.g., within hours to several days). Higher concentrations than that necessary to achieve adequate signals should be 
avoided so that nonspecific binding is minimized. An important practical constraint on the concentration of nucleic acid 
in the probe In the heterogeneous mixture is solubility. Upper bounds exist with respect to the fragment concentration. 
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i.e., unit length of nucleic acid per unit volume, that can be maintained In solution and hybridize effectively. 

In the representational examples described in Section VLB (infra ), the total DNA concentration in the hybridization 
mixture had an upper limit on the order of 1 ug/ul. Probe concentrations in the range of 1-20 ng/ul were used for such 
whole chromosome staining. The amount of genomic blocking DNA was adjusted such that Q was less than 5. At the 

5 low end of probe concentration, adequate signals were obtained with a one hour Incubation, that is, a time period 
wherein the probe and blocking DNA are maintained together before application to the targeted material, to block the 
high-copy sequences and a 16 hour hybridization. Signals were visible after two hours of hybridization. The best results 
(bright signals with highest contrast) occurred after a 100 hour hybridization, which gave the low-<X)py target-specific 
sequences more opportunity to find binding sites. At the high end of the probe concentration, bright signals are obtained 

10 after hybridizations of 1 6 hours or less; the contrast was reduced since more labeled repetitive sequences were included 
in the probe. 

The fixed target object can be treated in several ways either during or after the hybridization step to reduce non- 
specific binding of probe DNA. Such treatments include adding nonprobe, or "carrier", DNA to the heterogeneous 
mixture, using coating solutions, such as Denhardfs solution (Biochem. Biophys. Res. Commun ., Vol. 23, pp. 641-645 
15 (1966), with the heterogeneous mixture, incubating for several minutes, e.g., 5-20, in denaturing solvents at a temper- 
ature 5-1 0°C above the hybridization temperature, and in the case of RNA probes, mild treatment with single strand 
RNase (e.g., 5-10 micrograms per mllllleter RNase) in 2X SSC at room temperature for 1 hour). 

V. Chromosome-Specific Staining Reagents Comprising Selected Single-Copy Sequences 

20 

V.A. Making and Using a Staining Reagent Specific to Human Chromosome 21 

V. A. 1. Isolation of Chromosome 21 and Construction of a Chromosome 21 -Specific Library 

25 DNA fragments from human chromosome-specific libraries are available from the National Laboratory Gene Library 

Project through the American Type Culture Collection (ATCC), Rockville, MD. DNA fragments from chromosome 21 
were generated by the procedure described by Fuscoe et al., in "Construction of Fifteen Human Chromosome-Specific 
DNA Libraries from Flow-Purified Chromosomes," Cytogenet. Cell Genet ., Vol. 43, pp. 79-86 (1986). Briefly, a human 
diploid fibroblast culture was established from newborn foreskin tissue. Chromosomes of the cells were Isolated by 

30 the MgS04 method of van den Engh et al., Cytometery , Vol. 5, pp. 108-123 (1984), and stained with the fluorescent 
dyes— Hoechst 33258 and Chromomycin A3. Chromsome 21 was purified on the Lawrence Livermore National Labo- 
ratory high speed sorter, described by Peters et al., Cytometry , Vol. 6, pp. 290-301 (1985). 

After sorting, chromosome concentrations were approximately 4x105/ml. Therefore, prior to DNA extraction, the 
chromosomes (0.2-1 .0x1 0^) were concentrated by centrifugation at 40,000 x g for 30 minutes at 4°C. The pellet was 

35 then resuspended In 100 microliters of DNA isolation buffer (15 mM NaCt, 10 mM EDTA, 10 mM Tris HCI pH 8.0) 
containing 0.5% SDS and 100 micrograms/ml proteinase K. After overnight incubation at 37°C, the proteins were 
extracted twice with phenol: phenol xhloroform: isoamyl alcohol (25: 24: 1) and once with chloroform:isoamyl isoamyl 
alcohol (24: 1 ). Because of the small amounts of DNA, each organic phase was reextracted with a small amount of 10 
mM Tris pH 8.0, 1 mM EDTA (TE). Aqueous layers were combined and transferred to a Schleicher and Schuell mini- 

40 collodion membrane (#UHO20/25) and dialyzed at room temperature against TE for 6-8 hours. The purified DNA so- 
lution was then digested with 50 units of Hindlll (Bethesda Research Laboratories, Inc.) In 50 mM NaCI. 10 mM Tris 
HCI pH 7.5, 1 0 mM MgCl2, 1 mM dlthiothreitol. After 4 hours at 37°, the reaction was stopped by extractions with phenol 
and chloroform as described above. The aqueous phase was dialyzed against water overnight at 4°C in a minicollodion 
bag and then 2 micrograms of Charon 21 A arms cleaved with Hindlll and treated with calf alkaline phosphatase (Boe- 

45 hringer Mannheim) were added. This solution was concentrated under vacuum to a volume of 50-100 microliters and 
transferred to a 0.5 ml microfuge tube where the DNA was precipitated with one-tenth volume 3M sodium acetate pH 
5.0 and 2 volumes ethanol. The precipitate was collected by centrifugation, washed with cold 70% ethanol, and dis- 
solved in 10 microliters of TE. 

After allowing several hours for the DNA to dissolve, 1 microliter of 10X ligase buffer (0.5M Tris HCI pH 7.4, 0.1 

50 M MgCl2, 0.1 M dithiothreltol, 10 mM ATP, 1 mg/ml bovine serum albumin) and 1 unit of T4 ligase (Bethesda Research 
Laboratory, Inc.) were added. The ligation reaction was incubated at 10°C for 16-20 hours and 3 microliter allquots 

- were -packaged-into-phage partieles using in vitr^ ^xtr^Gts prepared from E .-coll -strains BHB-2^88-and"BHB 2690^ — 

described by Hohn in Methods in Enzymology . Vol. 68, pp. 299-309 (1979) Molecular Cloning: A Laboratory Manual , 
(Cold Spring Harbor Laboratory, New York, 1982). Briefly both extracts were prepared by sonlcation and combined at 

55 the time of in vivo packaging. These extracts packaged wild-type lambda DNA at an efficiency of 1-5x1 0^ plaque 
forming units (pfu) per microgram. The resultant phage were amplified on E.coli LE392 at a density of approximately 
10^ pfu/150 mm dish for 8 hours to prevent plaques from growing together and to minimize differences in growth rates 
of different recombinants. The phage were eluted from the agar in 10 ml SM buffer (50 mM Tris HCI pH 7.5, 10 mM 
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MgS04, 100 mM NaCI. 0.01% gelatin) per plate by gentle shaking at 4°C for 12 hours. The plates were then rinsed 
with an additional 4 ml of SM. After pelleting cellular debris, the phage suspension was stored over chloroform at 4°C. 

V.A.2. Construction and Use of Chromosome 21- Specific Stain for Staining Chromosonrie 21 of Human Lymphocytes 

5 

Clones having unique sequence inserts are isolated by the method of Benton and Davis, Science . Vol. 196, pp. 
1 80-1 82 (1 977). Briefly, about 1 000 recombinant phage are isolated at random from the chromosome 21 -specific library. 
These are transferred to nitrocellulose and probed with nick translated total genomic human DNA. 

Of the clones which do not show strong hybridization, approximately 300 are picked which contain apparent unique 

10 sequence DNA. After the selected clones are amplified, the chromosome 21 insert in each clone is^^P labeled and 
hybridized to Southern blots of human genomic DNA digested with the same enzyme used to construct the chromosome 
21 library, i.e., Hind III. Unique sequence containing clones are recognized as those that produce a single band during 
Southern analysis. Roughly, 1 00 such clones are selected for the heterogeneous mixture. The unique sequence clones 
are amplified, the inserts are removed by Hind III digestions, and the inserts are separated from the phage arms by 

15 gel electrophoresis. The probe DNA fragments (i.e., the unique sequence inserts) are removed from the gel and bioti- 
nylated by nick translation (e.g., by a kit available from Bethesda Research Laboratories). Labeled DNA fragments are 
separated from the nick translation reaction using small spin columns made in 0.5 ml Eppendorph tubes filled with 
Sephadex® G-50 (medium) swollen in 50 mM Tris, 1 mM EDTA, 0.1% SDS, at pH 7.5. Human lymphocyte chromo- 
somes are prepared following Harper et al, Proc. Natl. Acad. Sci .. Vol. 78, pp. 4458-4460 (1981). Metaphase and 

20 interphase cells were washed 3 times in phosphate buffered saline, fixed in methanol-acetic acid (3: 1) and dropped 
onto cleaned microscope slides. Slides are stored in a nitrogen atmosphere at-20''C. 

Slides carrying interphase cells and/or metaphase spreads are removed from the nitrogen, heated to 65°C for 4 
hours in air. treated with RNase (100 micrograms/ml for 1 hour at 37°C), and dehydrated in an ethanol series. They 
are then treated with proteinase K (60 ng/ml at 37°C for 7.5 minutes) and dehydrated. The proteinase K concentration 

25 is adjusted depending on the cell type and enzyme lot so that almost no phase microscopic image of the chro- mosomes 
remains on the dry slide. The hybridization mix consists of (final concentrations) 50 percent forniamide, 2X SSC, 10 
percent dextran sulfate, 500 micrograms/ml carrier DNA (sonicated herring sperm DNA), and 2.0 microgram/ml biotin- 
labeled chromsome 21 -specific DNA. This mixture is applied to the slides at a density of 3 microliters/cm^ under a 
glass coverslip and sealed with rubber cement. After ovemight incubation at 3TC, the slides are washed at 45*'C (50% 

30 formamide-2XSSC pH 7, 3 times 3 minutes; followed by 2XSSC pH 7, 5 times 2 minutes) and immersed in BN buffer 
(0.1 M Na bicarbonate, 0.05 percent NP-40, pH 8). The slides are never allowed to dry after this point. 

The slides are removed from the BN buffer and blocked for 5 minutes at room temperature with BN buf er containing 
5% non-fat dry milk (Carnation) and 0.02% Na Azide (5 microliter/cm^ under plastic coverslips). The coverslips are 
removed, and excess liquid briefly drained and fluorescein-avidin DCS (3 microgram/ml in BN buffer with 5% milk and 

35 0.02% NaAzide) is applied (5 microliter/cm^). The same coverslips are replaced and the slides incubated 20 minutes 
at 37°C. The slides are then washed 3 times for 2 minutes each in BN buffer at 45°C. The intensity of biotin-linked 
fluorescence is amplified by adding a layer of biotinylated goat anti-avidin antibody (5 microgram/ml in BN buffer with 
5% goat serum and 0.02% Na Azide), followed, after washing as above, by another layer of fluoresceiri-avidin DCS. 
Fluorescein-avidin DCS, goat antiavidin and goat serum are all available commercially, e.g., Vector Laboratories (Bur- 

40 lingame, CA). After washing in BN, a fluorescence antifade solution, p-phenylenediamine (1 .5 microliter/cm^ of cov- 
erslip) is added before observation. It is important to keep this layer thin for optimum microscopic imaging. This antifade 
significantly reduced fluorescein fading and allows continuous microscopic observation for up to 5 minutes. The DNA 
counterstains (DAPI or propidium iodide) are included in the antifade at 0.25-0.5 microgram/ml. 

The red-fiuorescing DNA-specific dye propidium iodide (PI) is used to allow simultaneous observation of hybridized 

45 probe and total DNA. The fluorescein and PI are excited at 450-490 nm (Zeiss filter combination 487709). Increasing 
the excitation wavelength to 546 nm (Zeiss filter combination 487715) allows observation of the PI only DAPI, a blue 
fluorescent DNA-specific stain excited in the ultraviolet (Zeiss filter combination 487701), is used as the counterstain 
when biotin-labeled and total DNA are observed separately. Metaphase chromosome 21s are detected by randomly 
located spots of yellow distributed over the body of the chromosome. 

50 

V. B. Improved Method for Efficiently Selecting Chromosome 21 Single-Copy Sequences 



Fuscoe et al.. Genomics , 5:100-109 (1989) provides more efficient procedures than the method described Imme- 
diately above (V.A.2) for selecting large numbers of single-copy sequence or very low copy number repeat sequence 
55 clones from recombinant phage libraries and demonstrates their use to stain chromosome 21. Said article is hereby 
incorporated by reference. Briefly, clones were selected from the Charon 21 A library LL21 NS02 (made from DNA from 
human chromosome 21) using two basic procedures. In the first, the phage library was screened in two stages using 
methods designed to be more sensitive to the presence of repetitive sequences in the clones than the method of 
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Section V.A.2. The selected clones were then subcloned into plasmids. The 450 inserts thus selected form the library 
pBS-U21 . The second was in a multistep process in which: 1) Inserts from LL21NS02 were subcloned into Bluescribe 
plasmids. 2) plasmids were grown at high density in bacterial colonies on nitrocellulose filters and 3) radioactive human 
genomic DNA was hybridized to the plasmid DNA on nitrocellulose filters at low stringency in two steps and 4) plasmids 

5 having inserts that failed to hybridize were selected as potentially canving single-copy sequences. Fifteen hundred 
and thirty colonies were picked in this manner to form the library pBS-U21/1530. 

Southern analysis indicated that the second procedure was more effective at recognizing repetitive sequence than 
the first. Fluorescence in situ hybridization with DNA from pBS-U21/1530 allowed specific, intense staining of the 
number 21 chromosomes In metaphase spreads made from human lymphocytes. Hybridization with pBS-U21 gives 

10 less specific staining of chromosome 21 . Details concerning the Fuscoe et al. method of selecting single-copy sequence 
or very low repeat sequence probes from recombinant libraries can be found in found in Fuscoe et al., id. 

V. C. Hybridization with a Collection of Chromosome 4 Single-Copy Sequences 

15 Pinkel et al., PNAS (USA) , 85: 9138-9142 (December 1 988) describe the procedures for preparing chromosome 

4 single-copy sequences and then a protocol [modification of the procedure described in Pinkel et al; PNAS (USA), 
83:2934-2938 (1986)] for hybridizing said single copy probes to a human metaphase spread. Figure 4H shows the 
hybridization with a pool of 120 single-copy probes from chromosome 4 to a human metaphase spread. 

20 VI. Incapacitating Shared Repetitive Sequences 

VLA. Chromosome 21 -Specific Staining Using Blocking DNA 

High concentrations of unlabeled human genomic DNA and lambda phage DNA were used to inhibit the binding 

25 of repetitive and vector DNA sequences to the target chromosomes. Heavy proteinase digestion and subsequent fix- 
ation of the target improved access of probes to target DNA. 

Human metaphase spreads were prepared on microscope slides with standard techniques and stored immediately 
in a nitrogen atmosphere at-20°C. 

Slides were removed from the freezer and allowed to warm to room temperature In a nitrogen atmosphere before 

30 beginning the staining procedure. The warmed slides were first treated with 0,6 microgram/ml proteinase K in P buffer 
(20 mM Tris, 2 mM CaCl2 at pH 7.5) for 7.5 minutes, and washed once in P buffer. The amount of proteinase K used 
needs to be adjusted for different batches of slides. After denaturing the slides were stored in 2XSSC. A hybridization 
mix was prepared which consisted of 50% formamide, 10% dextran sulfate, 1% Tween 20, 2XSSC, 0.5 mg/ml human 
genomic DNA, 0.03 mg/ml lambda DNA, and 3 microgram/ml biotin labeled probe DNA. The probe DNA consisted of 

35 the highest density fraction of phage from the chromosome 21 Hind III fragment llbrary(ATCC accession number 57713), 
as determined by a cesium chloride gradient.(Both insert and phage DNA of the probe were labeled by nick translation.) 
The average insert size (amount of chromosome 21 DNA), as determined by gel electrophoresis was about 5 kilobases. 
No attempt was made to remove repetitive sequences from the inserts or to isolate the inserts from the lambda phage 
vector. The hybridization mix was denatured by heating to 70°C for 5 minutes followed by incubation at 37'*C for 1 

40 hour. The incubation allows the human genomic DNA and unlabeled lambda DNA in the hybridization mix to block the 
human repetitive sequences and vector sequences in the probe. 

The slide containing the human metaphase spread was removed from the 2XSSC and blotted dry with lens paper. 
The hybridization mix was immediately applied to the slide, a glass cover slip was placed on the slide with rubber 
cement, and the slide was incubated overnight at 37°C. Aftenvards preparation of the slides proceeded as described 

45 in Section V.B. (wherein chromosome 21 DNA was stained with fluorescein and total chromosomal DNA counterstained 
with DAPI). Figures 1 A-C Illustrate the results. Figure 1A is a DPAI image of the human metaphase spread obtained 
with a computerized image analysis system. It is a binary image showing everything above threshold as white, and 
the rest as black. The primary data was recorded as a gray level image with 256 intensity levels. (Small arrows indicate 
the locations of the chromosome 21s,) Figure IB is a fluorescein image of the same spread as In Figure 1A, again in 

50 binary form. (Again, small arrows indicate the locations of the chromosome 21 s.) Figure 1 C illustrates the positions 
of the chromosome 21s after other less densely stained objects were removed by standard Image processing tech- 

VI. B. Detection of Trisomy 21 and Translocations of Chromosome 4 Using Bluescribe Plasmid Libraries 

55 

As illustrated in Section VI .A., a human chromosome-specific library, including its shared repetitive sequences, 
can be used to stain that chromosome if the hybridization capacity of the shared repetitive sequences is reduced by 
Incubation with unlabeled human genomic DNA. In Section VI.A.. the nucleic acid sequences of the heterogeneous 
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mixture were cloned in the phage vector Charon 21A. in which the ratio of insert of vector DNA is about 0.1 (4 kb 
average insert to 40 kb of vector). In this section, we demonstrate that transfenring the same inserts to a smaller cloning 
vector, the about 3 kb Bluescribe plasmid, which increases the ratio of insert to vector DNA to 0.5. improved the spe- 
cificity and intensity of the staining. 

5 As previously discussed, incubation of the probe can be carried out with the probe alone, with the probe mixed 

with unlabeled genomic DNA, and with the probe mixed with unlabeled DNA enriched in all or some shared repetitive 
sequences. If unlabeled genomic DNA is added, then it is important to add enough to incapacitate sufficiently the 
shared repetitive sequences in the probe. However, the genomic DNA also contains unlabeled copies of the sequences, 
the hybridization of which is desired. As explained above, Q is herein defined as the ratio of unlabeled to labeled copies 

10 of the chromosome- specific sequences in the hybridization mixture. 

Pinkel et al.. PNAS (USA), 85: 9138-9142 (December 1988) describes the use of unlabeled genomic DNA to 
competitively inhibit hybridization of those sequences in a chromosome-specific library that are shared with other chro- 
mosomes. That paper describes materials and methods for fluorescence in situ hybridization with human chromosome- 
specific libraries [chromosome 4 library LL04NS02 subcloned into Bluescribe plasmids (pBS-4); chromosome 21 library 

15 LL21NS02 subcloned Into Bluescribe plasmids (pBS-21)]. The results of those hybridizations are shown in Figure 4 
A-C and 4F and G. 

VLC. Hybridization of Yeast Artificial Chromosomes (YACS) to Human Metaphase Spread 

20 YACS . Seven yeast clones HY1. HY19. HY29, HYA1.A2. HYA3.A2, HYA3.A9. and HYA9.E6 were obtained from 

D. Burke (Washington University, St. Louis, MO). The lengths of the human DNA in the clones ranged from about 100 
kb to about 600 kb. Gel electrophoresis was performed to verity the size of these inserts. Each of these clones was 
grown up and total DNA was isolated. The isolated DNA was biotinylated by nick translation so that 10-30% of the 
thymidine was replaced by biotin-11-dUTR The concentration of the total labeled DNA after nick translations is in the 

25 range of 10-20 ng/ul. 

Blocking DNA . Human placental DNA (Sigma) was treated with proteinase K and extracted with phenol and son- 
icated to a size range of 200-600 bp. Total DNA isolated from yeast not containing an artificial chromosome was son- 
icated to a similar size range. Both of these DNA's were maintained at a concentration of 1-10 ug/ul. 

Fluorescence in situ hybridization (FISH) . Hybridization followed the procedures of Pinkel et al. (1 988), supra with 

30 slight modifications. Metaphase spreads were prepared from methotrexate synchronized cultures according to the 
procedures of Harper et al. PNAS (USA) 78: 4458-4460, (1981). Cells were fixed in methanol/acetic acid, fixed (3: 1), 
dropped onto slides, air dried, and stored at-20''C under nitrogen gas until used. The slides were then immersed two 
minutes in 70% formamide/2xSSC to denature the target DNA sequences, dehydrated in a 70-85-100% ethanol series, 
and air dried. (SSC is 0.1 5 M NaCI/0.015 M'Na Citrate, pH 7). Ten - 100 ng of biotinylated yeast DNA, and approximately 

35 1 ug each of unlabeled yeast and human genomic DNA were then added to the hybridization mix (final volume 10 ul, 
final composition 50% formamide/2xSSC/10% dextran sulfate), heated to 70°C for 5 min., and then incubated at 37°C 
for 1 hr to allow the complementary strands of the more highly repeated sequences to reassociate. 

The hybridization mixture was then applied to the slide (approximately 4 cm^ area) and sealed with rubber cement 
under a glass cover slip. After overnight incubation at 37°C the coverslip was removed and the slide washed 3 times 

40 3 min each in 50% formamide/2xSSC at 42-45°C, and once in PN buffer [mixture of 0.1 M NaH2P04 and 0.1 M Na2HP04 
to give pH 8; 0.1% Nonidet P-40 (Sigma)]. The bound probe was then detected with alternating 20 min incubations 
(room temperature in avidin-FITC and goatantl-avidin antibody, both at 5 ug/ml in PNM buffer (PN buffer plus 5% nonfat 
dry milk, centrifuged to remove solids; 0.02% Na azide). Avidin and anti-avidin incubation were separated by 3 washes 
of 3 min each in PN buffer. Two or three layers of avidin were applied (Avidin, DCS grade, and biotinylated goat-anti- 

45 avidin are obtained from Vector Laboratories Inc., Buriingame, CA). 

Figure 5 shows the hybridization of HYA3.A2 (580 kb of human DNA) to 12q21 .1 . The location of the hybridization 
was estabilished by using a conventional fluorescent banding technique employing the DAPI/actinomycin D procedure: 
Schweizer, "Reverse fluorescent chromosome banding with chromomycin and DAPI." Chromosoma . 58: 307-324 
(1976). The hybridization signal forms a band across the width of each of the chromosome 12s. indicating the mor- 

50 phology of the packing of DNA in that region of the chromosome. 

The YAC clone positions are attributed as shown in Table 2 below. 



Table 2 



YAC Competition Hybridization 


YAC Clone 


Insert Size 


Localization 


HY1 


120 


Xq23 
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Table 2 (continued) 



10 



YAC Competition Hybridization 


YAC Clone 


Insert Size . 


Localization 


Hy19 


450 


8q23.3 






21q21.1 


HY29 


500 


14q12 


HYA1.A2 


250 


6q16 


HYA3.A2 


580 


12q21.1 


HYA3.A9 


600 


14q21 


HYA9.E6 


280 


1p36.2 






3q22 



15 

VI. D. Hybridization With Human/Hamster Hybrid Cell 

Essentiaily the same hybridization and staining conditions were used in this example as for those detailed in the 
procedure of Pinkei et al. (1988), supra and exemplified in Sections V.C. and VLB., supra . In this example, 400 ng of 
2Q biotin labeled DNA from a hamster-human hybrid cell that contains one copy of human chromosome 19 was mixed 
with 1.9 ug of unlabeled human genomic DNA in 10 ul of hybridization mix. Hybridization was for approximately 60 
hours at 37^C. Fluorescent staining of the bound probe and counterstaining of the chromosomes was as in the other 
examples above. Figure 6 shows the results of the hybridization. 



VII. Specific Applications . 

The present invention allows microscopic and in some cases flow cytometric detection of genetic abnormalities 
on a cell by cell basis. The microscopy can be performed entirely by human observers, or include various degrees of 
addititional instrumentation and computational assistance, up to full automation. The use of instrumentation and au- 
tomation for such analyses offers many advantages. Among them are the use of fluorescent dyes that are invisible to 
human observers (for example, infared dyes), and the opportunity to Interpret results obtained with multiple labeling 
methods which might not be simultaneously visible (for example, combinations of fluorescent and absorbing stains, 
autoradiography, etc.) Quantitative measurements can be used to detect differences in staining that are not detectable 
by human observers. As is described below, automated analysis can also Increase the speed with which cells and 
chromosomes can be analysed. 

In accordance with the present invention, translocations can be detected in interphase nuclei by the abnormal 
juxtaposition of hybridization domains that are normally separate following hybridization with probes that flank or span 
the region(s) of the chromosome(s) that are at the point(s) of rearrangement. Translocations involve at least two different 
chromosome types and result in derivative chromosomes possessing only one centromere each. Dicentrics involve at 
least two different chromosome types and result in at least one chromosome fragment lacking a centromere and one 
having two centromeres. Inversions Involve a reversal of polarity of a portion of a chromosome. 



VILA Banding Analysis 



Substantial effort has been devoted during the past thirty years to development of automated systems (especially 
computer controlled microscopes) for automatic chromosome classification and aberration detection by analysis of 
metaphase spreads. In recent years, effort has been directed at automatic classification of chromosomes which have 
been chemically stained to produce distinct banding patterns on the various chromosome types. These efforts have 
only partly succeeded because of the subtle differences in banding pattern between chromosome types of approxi- 
mately the same size, and because differential contraction of chromosomes in different metaphase spreads causes a 
change in the number and width of the bands visible on chromosomes of each type. The present invention overcomes 
these problems by allowing construction of reagents which produce a staining pattem whose spacing, widths and 
labeling differences (for example different colors) are optimized to facilitate automated chromosome classification and 
aberration detection. This is possible because hybridization probes can be selected as desired along the lengths of 
the chromosomes. The size of a band produced by such a reagent may range from a single small dot to a substantially 
uniform coverage of one or more whole chromosomes. Thus the present invention allows construction of a hybridization 
probe and use of labeling means, preferably fiuorescence, such that adjacent hybridization domains can be distin- 
guished, for example by color, so that bands too closely spaced to be resolved spatially can be detected spectrally (i. 
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e. if red and green fluorescing bands coalesce, the presence of the two bands can be detected by the resulting yellow 
fluorescence). 

The present invention also allows construction of banding patterns tailored to particular applications. Thus they 
. can be significantly different in spacing and color mixture, for example, on chromosomes that are similar in general 
5 shape and size and which have similar banding patterns when conventional techniques are used. The size, shape and 
labeling (e.g. color) of the hybridization bands produced by the probes of the present invention can be optimized to 
eliminate errors in machine scoring so that accurate automated aberration detection becomes possible. This optimized 
banding pattern will also greatly improve visual chromosome classification and aberration detection. 

The ease of recognition of specific translocation breakpoints can be improved by using a reagent closely targeted 
10 to the region of the break. For example, a high complexity probe of this invention comprising sequences that hybridize 
to both sides of the break on a chromosome can be used. The portion of the probe that binds to one side of the break 
can be detected differently than that which binds to the other, for example with different colors. In such a pattern, a 
normal chromosome would have the different colored hybridization regions next to each other, and such bands would 
appear close together. A break would separate the probes to different chromosomes or result in chromosomal frag- 
15 ments, and could be visualized as much further apart on an average. 

VII.B Biological Dosimetry 

One approach to biological dosimetry is to measure frequencies of structurally aberrant chromosomes as an indi- 
go cation of the genetic damage suffered by Individuals exposed to potentially toxic agents. Numerous studies have in- 
dicated the increase in structural aberration frequencies with increasing exposure to ionizing radiation and other agents, 
which are called clastogens. Dicentric chromosomes are most commonly scored because their distinctive nature allows 
them to be scored rapidly without banding analysis. Rapid analysis is important because of the low frequency of such 
aberrations in individuals exposed at levels found in workplaces (~2x10-3/cell). Unfortunately, dicentrics are not stably 
25 retained so the measured dicentric frequency decreases with time after exposure. Thus low level exposure over long 
periods of time does not result in an elevated dicentric frequency because of the continued clearance of these aber- 
rations. Translocations are better aberrations to score for such dosimetric studies because they are retained more or 
less indefinitely. Thus, assessment of genetic damage can be made at times long after exposure. Translocations are 
not routinely scored for biological dosimetry because the difficulty of recognizing them makes scoring sufficient cells 
30 for dosimetry logistically impossible. 

The present invention eliminates this difficulty. Specifically, hybridization with a probe which substantially uniformly 
stains several chromosomes (e.g. chromosomes 1, 2, 3 and 4) allows immediate microscopic identification In met- 
aphase spreads of structural aberrations involving these chromosomes. Normal chromosomes appear completely 
stained or unstained by the probe. Derivative chromosomes resulting from translocations between targeted and non- 
35 targeted chromosomes are recognized as being only partly stained, Fig. 4D. Such partially hybridized chromosomes 
can be immediately recognized either visually in the microscope or in an automated manner using computer assisted 
microscopy. Discrimination between translocations and dicentrics is facilitated by adding to the probe, sequences found 
at all of the chromosome centromeres. Detection of the centromeric components of the probe with a labeling means, 
for example color, different from that used to detect the rest of the probe elements allows ready identification of the 
40 chromosome centromeres, which in turn facilitates discrimination between dicentrics and translocations. This technol- 
ogy dramatically reduces the scoring effort required with previous techniques so that it becomes feasible to examine 
tens of thousands of metaphase spreads as required for low level biological dosimetry. 

VII.C. Prenatal Diagnosis 

45 

The most common aberrations found prenatally are trisomies involving chromosomes 21 (Down syndrome), 18 
(Edward syndrome) and 13 (Patau syndrome) and XO (Turner syndrome), XXY (Kleinfelter syndrome) and XYY disease. 
Structural aberrations also occur. However, they are rare and their clinical significance is often uncertain. Thus, the 
importance of detecting these aberrations Is questionable. Current techniques for obtaining fetal cells for conventional 

50 karyotyping, such as, amniocentesis and chorionic villus biopsy yield hundreds to thousands of cells for analysis. These 
are usually grown in culture for 2 to 5 weeks to produce sufficient mitotic cells for cytogenetic analysis. Once metaphase 
spreads are prepared, they-are analyzed by conventional banding analysis. Such a process-can only be carried out~- 
by highly skilled analysts and is time consuming so that the number of analyses that can be reliably carried out by even 
the largest cytogenetics laboratories is only a few thousand per year. As a result, prenatal cytogenetic analysis is 

55 usually limited to women whose children are at high risk for genetic disease (e.g. to women over the age of 35). 

The present invention overcomes these difficulties by allowing simple, rapid identification of common numerical 
chromosome aberrations in interphase cells with no or minimal cell culture. Specifically, abnormal numbers of chro- 
mosomes 21, 18, 13, X and Y can be detected in Interphase nuclei by counting numbers of hybridization domains 
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following hybridization with probes specific for these chromosomes (or for important regions thereof such as 21 q22 for 
Down syndrome). A hybridization domain is a compact, distinct region over which the intensity of hybridization is high. 
An increased frequency of cells showing three domains (specifically to greater than 1 0%) for chromosomes 21 , 1 8 and 
13 indicates the occurrence of Down, Edward and Patau syndromes, respectively. An increase In the number of cells 
showing a single X-specifIc domain and no Y-specific domain following hybridization with X-specific and Y-specific 
probes indicates the occurrence of Turner syndrome. An increase in the frequency showing two X-speclfic domains 
and one Y-specific domain indicates Kleinfelter syndrome, and increase in the frequency of cells showing one X-specific 
domain and two Y-specifIc domains indicates an XYY fetus. Domain counting In Interphase nuclei can be supplemented 
(or In some cases replaced) by measurement of the intensity of hybridization using, for example, quantitative fluores- 
cence microscopy or flow cytometry, since the intensity of hybridization Is approximately proportional to the number of 
target chromosomes for which the probe is specific. Numerical aberrations involving several chromosomes can be 
scored simultaneously by detecting the hybridization of the different chromosomes with different labeling means, for 
example, different colors. These aberration detection procedures overcome the need for extensive cell culture required 
by procedures since all cells in the population can be scored. They eliminate the need for highly skilled analysts because 
of the simple, distinct nature of the hybridization signatures of numerical aberrations. Further, they are well suited to 
automated aberration analysis. 

The fact that numerical aberrations can be detected in interphase nuclei also allows cytogenetic analysis of cells 
that normally cannot be stimulated Into mitosis. Specifically, they allow analysis of fetal cells found In maternal peripheral 
blood. Such a feature is advantageous because it eliminates the need for invasive fetal cell sampling such as amnio- 
centesis or chorionic villus biopsy. 

As Indicated in the Background, the reason such embryo-invasive methods are necessary Is that conventional 
karyotyping and banding analysis requires metaphase chromosomes. At this time, there are no accepted procedures 
for culturing fetal cells separated from maternal blood to provide a population of cells having metaphase chromosomes. 
In that the staining reagents of this invention can be employed with interphase nuclei, a non-embryo-invasive method 
of karyotyping fetal chromosomes is provided by this invention. 

The first step in such a method is to separate fetal cells that have passed through the placenta or that have been 
shed by the placenta into the maternal blood. The Incidence of fetal cells In the maternal bloodstream is very low, on 
the order of lO"* to 10-^ cells/ml and quite variable depending on the time of gestation; however, appropriately marked 
fetal cells may be distinguished from maternal cells and concentrated, for example, with high speed cell sorting. 

The presence of cells of a male fetus may be identified by a label, for example a fluorescent tag, on a chromosome- 
specific staining reagent for the Y chromosome. Cells that were apparently either lymphocytes or erythrocyte precursors 
that were separated from maternal blood were shown to be Y-chromatin-positive. [Zillacus et al., Scan. J. Haematol, 
15: 333 (1975); Parks and Herzenberg, Methods in Cell Biology. Vol. 10, pp. 277-295 (Academic Press. N.Y.. 1982); 
and Siebers et a!., Humangenetik, 28: 273 (1975)]. 

A preferred method of separating fetal cells from maternal blood Is the use of monoclonal antibodies which pref- 
erentially have affinity for some component not present upon the maternal blood cells. Fetal cells may be detected by 
patemal HLA (human leukocyte antigen) markers or by an antigen on the surface of fetal cells. Preferred immuno- 
chemical procedures to distinguish between fetal and maternal leukocytes on the basis of differing HLA type use dif- 
ferences at the HLA-A2, -A3, and -B7 loci, and further preferred at the -A2 locus. Further, first and second trimester 
fetal trophoblasts may be marked with antibody against the Intemal cellular constituent cytokeratin which is not present 
in maternal leukocytes. Exemplary monoclonal antibodies are described In the following references. 

Herzenberg et al., PNAS, 76: 1453 (1979), reports the isolation of fetal cells, apparently of lymphoid origin, from 
maternal blood by fluorescence activated cell sorting (FACS) wherein the separation was based on the detection of 
labeled antibody probes which bind HI_A-A2 negative cells in maternal blood. Male fetal cells separated In that manner 
were further identified by quinacrine staining of Y-chromatin. 

Covone et al.. Lancet, Oct. 1 3, 1984: 841 , reported the recovery of fetal trophoblasts from matemal blood by flow 
cytometry using a monoclonal antibody termed H315. Said monoclonal reportedly Identifies a glycoprotein expressed 
on the surface of the human syncytiotrophobtast as well as other trophoblast cell populations, and that is absent from 
peripheral blood cells. 

Kawata et al., J. Exp. Med., 160: 653 (1984), discloses a method for isolating placental cell populations from 
suspensions of human placenta. The method uses coordinate two-color and light-scatter FACS analysis and sorting. 
— Fivedifferent cell populations-were Isolated on the basis of size and quantitative differences In the^oordinate^xpr^ssion- 
of cell surface antigens detected by monoclonal antibodies against an HLAA B. C monomorphic determinant (MB40.5) 
and against human trophoblasts (anti-Trop-1 and anti-Trop-2). 

Loke and Butterworth. J. Cell Scl., 76: 189 (1985), describe two monoclonal antibodies, 18B/A5 and 18A/C4, which 
are reactive with first trimester cytotrophoblasts and other fetal epithelial tissues Including syncytiotrophoblasts. 

A preferred monoclonal antibody to separate fetal cells from maternal blood for staining according to this invention 
is the anti-cytokeratin antibody Cam 5.2. which is commercially available from Becton-Dlckinson (Franklin Lakes, N. 
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J.. USA). 

Other preferred monoclonal antibodies for separating fetal cells from maternal blood are those disclosed in co- 
pending, commonly owned US Patent Application, USSN 389,224, filed August 3, 1989, entitled "Method for Isolating 
. Fetal Cytotrophoblast Cells". [See also: in Eisher et al., J. Cell. Biol ., 109 (2): 891-902 (1989)]. The monoclonal anti- 
bodies disclosed therein react specifically with antigen on first trimester human cytotrophoblast cells, which fetal cells 
have the highest probability of reaching the maternal circulation. Said application and article are herein specifically 
incorporated by reference. Briefly, the disclosed monoclonal antibodies were raised by injection of test animals with 
cytotrophoblast cells obtained from sections of the placental bed, that had been isolated by uterine aspiration. Anti- 
bodies raised were subjected to several cytological screens to select for those antibodies which react with the cytotro- 
phoblast stem cell layer of first trimester chorionic villi. 

Preferred monoclonal antibodies against such first trimester cytotrophoblast cells disclosed by Fisher et al. include 
monoclonal antibodies produced from the following hybridomas deposited at the American Tyupe Culture Collection 
(ATCC; Rockville. MD, USA) under the Budapest Treaty: 



Hybridoma 


ATCC Accession # 


J1D8 


HB10096 


P1B5 


HB10097 



Both hybridoma cultures were received by the ATCC on April 4, 1989 and reported viable thereby on April 14, 1989, 

Fisher et al. state that fetal cells isolated from maternal blood by use of said monodonal antibodies are capable 
of replication in vitro. Therefore, fetal cells Isolated by the method of Fisher et al., that is, first trimester fetal cytotro- 
phoblasts, may provide fetal chromosomal material that is both in metaphase and in interphase. 

The fetal cells, preferably leukocytes and cytotrophoblasts, more preferably cytotrophoblasts, once marked with 
an appropriate antibody are then separated from the maternal cells either directly or by preferably separating and 
concentrating said fetal cells by cell sorting or panning. For example, FACS may be used to separate fluorescently 
labeled fetal cells, or flow cytometry may be used. - 

The fetal cells once separated from the maternal blood can then be stained according to the methods of this 
Invention with appropriate chromosome-specific staining reagents of this Invention, preferably those of particular im- 
portance for prenatal diagnosis. Preferred staining reagents are those designed to detect aneuploidy, for example, 
trisomy of any of several chromosomes, including chromosome types 21, 18, 13, X and Y and subregions on such 
chromosomes, such as, subregion 21q22 on chromosome 21. 

Preferably, a fetal sample for staining analysis according to this invention comprises at least 1 0 cells or nuclei, and 
more preferably about 100 cells or nuclei. 

VII. D Tumor Cytogenetics 

Numerous studies in recent years have revealed the existence of structural and numerical chromosome aberrations 
that are diagnostic for particular disease phenotypes and that provide clues to the genetic nature of the disease itself. 
Prominent examples include the close association between chronic myelogeneous leukemia and a translocation in- 
volving chromosome 9 and 22, and the association of a translocation involving chromosomes 8 and 14 with Burkitts 
lymphoma. Current progress in elucidating new tumor specific abnormalities is limited by the difficulty of producing 
representative, high quality banded metaphase spreads for cytogenetic analysis. These problems stem from the fact 
that many human tumors are difficult or impossible to grow In culture. Thus, obtaining mitotic cells is usually difficult. 
Even if the cells can be grown in culture, there is the significant risk that the cells that do grow may not be representative 
of the tumorigenic population. That difficulty also Impedes the application of existing genetic knowledge to clinical 
diagnosis and prognosis. 

The present invention overcomes these limitations by allowing detection of specific structural and numerical ab- 
errations in interphase nuclei. These aberrations are detected as described supra. Hybridization with whole chromo- 
some probes will facilitate Identification of previously unknown aberrations thereby allowing rapid development of new 
associations between aberrations and disease phenotypes. As the genetic nature of specific malignancies becomes 
increasingly well known, the Interphase assays can_be made increasingly specific by selecting hybridization probes 
targeted to the genetic lesion. Translocations at specific sites oTTseTected^hromo^omeTcan be detected by using 
hybridization probes, that closely flank the breakpoints. Use of these probes allows diagnosis of these specific disease 
phenotypes. Translocations may be detected in interphase because they bring together hybridization domains that are 
normally separated, or because they separate a hybridization domain Into two, well separated domains. In addition, 
they may be used to follow the reduction and reemergence of the malignant cells during the course of therapy Inter- 
phase analysis is particularly important in such a application because of the small number of cells that may be present 
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and because they may be difficult or impossible to stimulate into mitosis. 

Duplications and deletions, processes involved in gene amplification and loss of heterozygosity, can also be de- 
tected in metaphase spreads and interphase nuclei using the techniques of this invention. Such processes are impli- 
cated in an increasing number of different tumors. . . 

5 

VIII. Detection of BCR-ABL Fusion in Chronic Myelogenous Leukemia (CML) 

Probes . This section details a CML assay based upon FISH with probes from chromosomes 9 and 22 that flank 
the fused BCR and ABL sequences in essentially all cases of CML (Figure 8). The BCR and ABL probes used in the 

10 examples of this section were kindly provided by Carol A. Westbrook of the Department of Medicine, Section of He- 
matology/Oncology at the University of Chicago Medical Center in Chicago, Illinois (USA). 

The ABL probe on chromosome 9, c-hu-ABL, is a 35-kb cosmid (pCV105) clone selected to be telomeric to the 
200-kb region of ABL between exons IB and II In which the breaks occur (24). The BCR probe on chromosome 22, 
PEM12, Is an 18-kb phage clone (in EMBL3) that contains part of, and extends centromeric to, the 5.8-kb breakpoint 

15 cluster region of the BCR gene in which almost all CML breakpoints occur. FISH was carried out using a biotin labeled 
ABL probe, detected with the fluorochrome Texas red, and a digoxigenin labeled BCR probe, detected with the green 
fluorochrome FITC. Hybridization of both probes could be observed simultaneously using a fluorescence microscope 
equipped with a double band pass filter set (Omega Optical). 

Figure 8 is a schematic representation of the BCR gene on chromosome 22, the ABL gene of chromosome 9, and 

20 the BCR-ABL fusion gene on the Philadelphia chromosome, showing the location of CML breakpoints and their relation 
to the probes. Exons of the BCR gene are depicted as solid boxes. The Roman numeral I refers to the first exon of the 
BCR gene; the arable numerals 1-5 refer to the exons within the breakpoint cluster region, here indicated by the dashed 
line. The approximate location of the 18 kb phage PEM12 probe (the BCR probe) is Indicated by the open horizontal 
bar. Since the majority of breakpoints in CML occur between exons 2 and 4, 15 kb or more of target for PEM12 will 

25 remain on the Philadelphia chromosome. In the classic reciprocal translocation a few kb of target for PEM12 (unde- 
tectable fluorescent signal) will be found on the derivative chromosome. The map and exon numbering (not to scale) 
Is adapted from Helsterkamp et al. (ref. 34, supra). 

Exons of the ABL gene are depicted as open vertical bars (not to scale). The Roman numerals la and lb refer to 
the alternative first exons, and II to the second exon. Exon II is approximately 25 kb upstream of the end of the 28 kb 

30 cosmid c-hu-abl (the ABL probe). All CML breakpoints occur upstream of exon II, usually between exons lb and la, 
within a region that is approximately 200 kb in length. Thus, c-hu-abl will always be 25 to 200 kb away from the fusion 
junction. The map (not to scale) Is adapted from Heisterkamp et al. (ref. 35, supra). The BCR-ABL fusion gene Is 
depicted. In CML, PEM12 will always lie at the junction, and c-hu-abl will be separated from PEM12 by 25 to 225 kb. 
Sample Preparation : CML-4: Peripheral blood was centrifuged for 5 min. Ten drops of interface was diluted with 

35 PBS, spun down, fixed in methanol/acetic acid (3: 1 ), and dropped on slides. CML-2, 3, 7: Five to 10 drops of marrow 
diluted with PBS to prevent clotting were fixed in methanol/acetic acid and dropped on slides. CML-1 , 4, 5, 6: Peripheral 
blood and/or bone marrow was cultured in RPMI 1640 supplemented with 10% fetal calf serum, an antibiotic mixture 
(gentamycin 500 mg/ml), and 1% L-glutamine for 24h. Cultures were synchronized according to J.J. Yunis and M.E. 
Chandler Prog, in Clin. Path ., 7: 267 (1977), and chromosome preparations followed Gibis and Jackson, Karyogram , 

40 r[: 91 (1985). 

Hybridization and Detection Protocoi . Hybridization followed procedures described by D. Pinkel et al. (27), Trask 
et al. (25), and J. B. Lawrence et al (30), with modifications. The BCR probe was nick-translated (Bethesda Research 
Laboratories Nick-Translation System) with digoxigenin-11-dUTP (Boehringer Mannheim Biochemicals) with an aver- 
age incorporation of 25%. The ABL probe was similarly nick-translated with biotin-11-dUTP (Enzo Diagnostics). 

45 1 . Hybridization . Denature target interphase cells and/or metaphase spreads on glass slides at 72°C in 70% for- 

mamide/2xSSC at pH 7 for 2 min. Dehydrate in an ethanol series (70%, 85%, and 100% each for 2 min.). Air dry and 
place at 37°C (2xSSC is 0.3M NaCI/30 mM sodium citrate). Heat 10 ml of hybridization mixture containing 2 ng/ml of 
each probe. 50% formamlde/2xSSC, 10% dextran sulphate, and 1 mg/mt human genomic DNA (sonicated to 200-600 
bp) to 70'*C for 5 min. to denature the DNA. Incubate for 30 min. at 37*'C. Place on the wamried slides, cover with a 20 

50 mm X 20 mm coverslip, seal with rubber cement, and incubate overnight in a moist chamber at 37^C. Remove coverslips 
and wash three times for 20 minutes each in 50% fomnamide/2xSSC pH 7 at 42''C, twice for 20 minutes each In 2xSSC 

at 42°G, and finally rinse at room temperature-in-4xSSC7 — -- — - - 

2. Detection of Bound Probes : All incubation steps are performed with approximately 100 ml of solution at room 
temperature under coverslips. The biotinylated ABL probe was detected first, then the digoxigenin-labeled BCR probe. 

55 a. Biotinylated ABL Probe : Preblock with 4xSSC/1% bovine serum albumin (BSA) for 5 min. Apply Texas Red- 

avidin (Vector Laboratories Inc., 2 mg/ml in 4xSSC/1% BSA) for 45 min. Wash in 4xSSC once, 4xSSC/1% Triton-X 
100 (Sigma) and then again In 4xSSC, 5 min. each. Preblock for 5 min. in PNM (PN containing 5% non-fat dry milk 
and 0.02% sodium azide and centrifuged to remove solids. PN is 0.1 M NaH2PO4/0.1M Na2HP04, 0.05% NP40, pH 
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8). Apply biotinylated goat anti-avidin (Vector Laboratories Inc., 5 mg/ml In PNM) for 45 min. Wash twice in PN for 5 
min. Apply a second layer of Texas Red-avidin (2 mg/ml in PNM) for 45 min. Wash twice in PN for 5 min. each. 

b. Digoxigenin-Labeled BCR Probe : Prebiock with PNM for 5 min. Apply sheep anti-digoxigenin antibody (obtained 
from D. Pepper, Boehringer Mannheim Biochemicals. Indianapolis, IN; 15.4 mg/ml in PNM) for 45 min. Wash twice in . 

5 PN for 5 min. each. Prebiock with PNM for 5 min. Apply rabbit-anti-sheep antibody conjugated with FITC (Organon 
Teknika- Cappel, 1: 50 in PNM) for 45 min. Wash twice for 5 min. each in PN. If necessary, the signal is amplified by 
prebiocking for 5 min. with PNM and applying sheep anti-rabbit IgG antibody conjugated to FITC (Organon Teknika- 
Cappel, 1: 50 In PNM) for 45 min. Rinse in PN. 

3. Visualization : The slides are mounted fluorescence antifade solution [G. D. Johnson and J. G. Nogueria, J. 

10 Immunol. Methods , 43: 349 (1981 )) (ref. 31 , supra )] containing 1 mg/ml 4',6-amidino-2-phenylindole (DAPI) as a coun- 
terstain, and examined using a FITC/Texas red double-band pass filter set (Omega Optical) on a Zeiss Axloskop. 

The method used for BCR-ABL PGR tested herein was that described in Hegewisch-Becker et al. for CML-3, 4 
and 7 (ref. 32, supra), and Kohler et al., for CML-5 and 6 (ref. 33, supra). 

Results . ABL and BCR hybridization sites were visible on both chromatids of chromosomes in most metaphase 

15 spreads. The ABL probe bound to metaphase spreads from normal individuals (Figure 9 A) near the telomere on 9q 
while the BCR probe bound at 22q11 (Figure 9B). Hybridization with the ABL or BCR probe to normal interphase nuclei 
typically resulted in two tiny fluorescent dots corresponding to the target sequence on both chromosome homologues. 
The spots were apparently randomly distributed in the two dimensional nuclear images and were usually well separated. 
A few cells showed two doublet hybridization signals probably a result of hybridization to both sister chromatids of both 

20 homologues in cells which had replicated this region of DNA (i.e., those in the S- or G2- phase of cell cycle). Dual color 
FISH of the ABL (red) and BCR (green) probes to normal G1 nuclei yielded two red (ABL) and two green (BCR) 
hybridization signals distributed randomly around the nucleus. 

The genetic rearrangement of CML brings the DNA sequences homologous to the probes together on an abnormal 
chromosome, usually the Ph^ and together in the interphase nucleus, as illustrated in Figure 8. The genomic distance 

25 between the probe binding sites in the fusion gene varies among CML cases, ranging from 25 to 225 kb, but remains 
the same in all the cells of a single leukemic clone. Dual color hybridization with ABL and BCR probes to interphase 
CML cells resulted in one red and one green hybridization signal located at random in the nucleus, and one red-green 
doublet signal in which the separation between the two colors was less than 1 micron (or one yellow hybridization 
signal for hybridization in very close proximity, see Figure 1 0). The randomly located red and green signals are ascribed 

30 to hybridization to the ABL and BCR genes on the normal chromosomes, and the red-green doublet signal to hybrid- 
ization to the BCR-ABL fusion gene. Interphase mapping studies suggest that DNA sequences separated by less than 
250 kb should be separated in interphase nuclei by less than 1 micron (25). As a result, cells showing red and green 
hybridization signals separated by greater than 1 micron were scored as normal since this is consistent with the hy- 
bridization sites being on different chromosomes. However, due to statistical considerations, some normal cells will 

35 have red and green dots close enough together to be scored as abnormal. In these two dimensional nuclear analyses, 
9 out of 750 normal nuclei had red and green hybridization signals less than 1 micron of each other. Thus, approximately 
1% of normal cells were classified as abnormal. 

Table 3 shows the hybridization results for 7 samples from 6 CML cases along with conventional karyotypes, and 
other diagnostic results (PCR and Southern blot data). All six cases, intruding 3 that were found to be Ph'^ negative by 

40 banding analysis (CML-5,-6 and -7), showed red-green hybridization signals separated by less than 1 micron in greater 
than 50% of nuclei examined. In most, the fusion event was visible in almost every cell. One case (CML-7) showed 
fusion signals in almost every cell even though PCR analysis failed to detect the presence of a fusion gene and banding 
analysis did not reveal a Philadelphia chromosome. 
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Hybridization to metaphase spreads was performed in three cases (CML-1 .-5 and -6). All of these showed red and 
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green hybridization signals in close proximity on a single acrocentric chromosome, in two cases, scored as t(9: 22) 
{q34; q11) by banding, the red-green pair was in close proximity to the telomere of the long arm of a small acrocentric 
chromosome as expected for the Ph'' (Figure 9C). One case (CML-6) was suspected by trassical cytogenetics to have 
an insertion of chromosomal material at 22q11 . Dual color hybridization to metaphase spreads from this case showed 
the red-green pair to be centrally located in a small chromosome (Figure 9D). That result is consistent with formation 
of the BCR-ABL fusion gene by an insertion. In one case (CML-1), two pairs of red-green doublet signals were seen 
in 3 out 150 (2%) interphase nuclei. That may indicate a double Ph'' (or double fusion gene) in those cells. Such an 
event was not detected by standard cytogenetics, which was limited to analysis of 25 metaphase spreads. The acqui- 
sition of an additional Ph'' is the most frequent cytogenetic event accompanying blast transformation, and its cytogenetic 
detection may herald disease acceleration. 

Simultaneous hybridization with ABL and BCR probes to metaphase spreads of the CML derived cell line K-562 
showed multiple red-green hybridization sites along both arms of a single acrocentric chromosome. Hybridization to 
interphase nuclei showed that the red and green signals were confined to the same region of the nucleus. That is 
consistent with their being localized on a single chromosome. Twelve to fifteen hybridization pairs were seen in each 
nucleus indicating corresponding amplification of the BCR-ABL fusion gene (see Figures 9E and 9F). These findings 
are consistent with previous Southem blot data showing amplification of the fusion gene in this cell line (26). 

In summary, analysis of Interphase cells for seven CML, and four normal cell samples using dual color FISH with 
ABL and BCR probes suggests the utility of this approach for routine diagnosis of CML and clinical monitoring of the 
disease. Among its very important advantages are the ability to obtain genetic information from individual interphase 
or metaphase cells In less than 24 hours. Thus, it can be applied to all ceils of a population, not just to those that 
fortuitously or through culture, happen to be in metaphase. Further, the genotypic analysis can be associated with cell 
phenotype, as judged by morphology or other markers, thereby permitting the study of lineage specificity of cells car- 
rying the CML genotype as well as assessment of the frequency of cells carrying the abnormality. 

Random Juxtaposition of red and green signals in two dimensional images of normal cells, which occurs in about 
0.01 of normal cells, sets the low frequency detection limit. That detection limit may be lowered by more complete 
quantitative measurement of the separation and Intensity of the hybridization signals in each nucleus using computer- 
ized image analysis. Such analysis will be particularly important in studying patient populations in which the cells 
carrying the BCR-ABL fusion at low frequency (e.g., during remission, after bone marrow transplantation, during relapse 
or in model systems). 

This assay also should be advantageous for detection of CML cells during therapy when the number of cells 
available for analysis is low since only a few cells are required. Finally, simple counting of hybridization spots allows 
for the detection and quantitative analysis of amplification of the BCR-ABL fusion gene as Illustrated for the K562 cell 
line (Figure 9E). Quantitative measurement of fluorescence Intensity may assist with such an analysis. 

IX. Method of Preparing and Applying Single Stranded Nucleic Acid Probes to Double Standed Target DNAs 

Generally the method for preparing and applying single stranded DNA hybridization probes to double stranded 
target DNA involves treating both target DNA and probe DNA with the same restriction endonuclease followed by 
digestion of single strands adjacent to the restriction cuts. Probes are constructed by resynthesizing the digested single 
strands with labeled nucleotides. The labeled strands are substantially complementary to the undigested single strands 
of the target DNAs. The double stranded DNA fragments containing the labeled single strands are broken into smaller 
pieces and denatured. The hybridization probes are obtained by separating the labeled single stranded fragments from 
the unlabeled fragments. 

DNA to be used in the probes is treated with a restriction endonuclease to form restriction fragments having "sticky" 
ends. That is, it Is important that the restriction endonuclease make a staggered cut through the double stranded DNA. 
Suitable restriction endonuclease Include, but are not limited to, Hind 111, Bam HI, Eco R1, or the like, all of which are 
commercially available, e.g., Promega Biotec (Madison, Wl). or Boehringer Mannheim (Indianapolis, IN). In selecting 
a restriction endonuclease it is preferable that the resulting restriction fragments be within a size range which allows 
them to be directly inserted into available cloning vectors. Suitable cloning vectors included plasmids, such as pBR322, 
and phages, such as lambda phage, various derivatives of both of these being commercially available, e.g., Promega 
Biotec (Madison, Wl), and Boehringer Mannheim (Indianapolis, IN). Amplified copies of the restriction fragments are 
Isolated using standard techniques, e.g., Manlatis et al., Molecular Cloning: A Laboratory Manual '(Cold Spring Harbor 
Laboratory, 1982). Alternatively, for some applications restriction fragments can be obtained from existing libraries. 
For example, the American Type Culture Collection, Rockville, MD, holds collections of human chromosome-specific 
libraries of restriction fragments which are available to the public. 

Standard procedures are followed in treating the restriction fragments with exonuclease, and in enzymatically re- 
synthesizing the digested strands in the presence of labeled precursors. In particular the technique disclosed by James 
and Leffak, Anal. Biochem ., Vol. 141. pp. 33-37 (1984), is followed. Briefly, to the restriction fragments about 3 units 
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of exonuclease III are added per microgram of DNA in a solution consisting of 100 mM NaCI, 50 mM Tris-HCI (pH 8.0). 
10 mM MgCl2 and 1 mM dithiothreitol, at 37**C. Digestion is terminated by heating the sample to 60°C for 5-10 minutes. 
James and Laffak report that these conditions result in the digestion of about 80-200 nucleotides per minute. The actual 
digestion rate will vary depending on the source and batch of exonuclease ill as well as the source of the DNA substrate, 
5 e.g., Guo et al., Nucl. Acids Res ., Vol. 10 pg. 2065. Some experimentation may be necessary to obtain labeled stands 
of the desired length. Exonuclease III is available commercially, e.g., Boehringer Mannmheim (Indianapolis, IN), or 
Promega Biotec (Madison, Wl). Also, T4 polymerase (BRL, Bethesda, MD) can be used for both the exonuclease and 
resynthesis steps. 

The exonuclease treated restriction fragments serve as primer/templates for a DNA polymerase which re-synthe- 
10 sizes the digested strands in the presence of labeled precursors. The preferred labeled precursor is biotinylated uracil, 
as a substitute for thymidine. Re-synthesis is accomplished using DNA polymerase I or T4 DNA polymerase following 
the procedure of Langer et al., Proc. Nat'L Acad. Sci ., Vol. 78, pp. 6633-6637 (1981) which, in turn, is an adaption of 
the basic nick translation technique disclosed by Rigby et al., J. Mol. Biol .. Vol. 113, pg. 237 (1977), e.g., 1 unit E. Coli 
polymerase I per microgram of DNA Is Incubated at 37°C in a solution consisting of 100 mM Nad, 50 mM Tris-HCI (pH 
15 8.0), 10 mM MgCi2, 1 mM dithiothreitol, and 50 mM KCI. Also included in the solution are appropriate amounts of the 
triphosphate precursors (one or more of which are labeled), e.g., 50-100 micromolar of each for 20-50 micrograms per 
milliliter of restriction fragments. Under these conditions resynthesis is completed in about 40-60 minutes. 

The labeled restriction fragments are broken into smaller fragments to ensure that the labeled regions on either 
end of the labeled restriction fragments are separated. (Othenvise, the labeled fragment on one end would be a part 
20 of a larger piece of single stranded DNA which contained complementary regions to the labeled fragment on the other 
end). Such breaking into smaller fragments is accomplished by any number of standard techniques, e.g. sonication, 
enzymatic treatment, or the like, Maniatis, et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Labo- 
ratory. 1982). 

After the labeled restriction fragments are appropriately broken into smaller pieces, they are denatured and single 

25 stranded labeled fragments are separated from unlabeled fragments. The separation can be accomplished in several 
ways. Whenever the preferred label, biotin, is used the prefen^ed separation means is by way of a standard avidin 
affinity column, e.g. Bayer and Wilchek, "The Use of the Avidin-Biotin Complex as a Tool in Molecular Biology." Methods 
of Biochemical Analysis , Vol 26, pp. 1-45 (1980); and Manning et al.. Biochemistry . Vol. 16. pp. 1364-1370 (1977). 
Avidin can be covalently coupled to a number of different substrates, such as glass, Sepharose. agarose, and the like, 

30 with standard techniques as described in the above references. Accordingly, Manning et al. and Bayer and Wilchek, 
pp. 9-16, are incorporated by reference. Avidin affinity columns are also available commercially, e.g. Zymed Labora- 
tories, Inc. (South San Francisco, CA). The biotinylated probes are removed from the avidin column following the 
procedure of Chollet and Kawashima, Nucleic Acids Resources , Vol. 5, pp. 1529-1541 (1985). 

Alternatives to the above labeling procedure are available. For example, after the DNA to be used in the probes 

35 is treated with a restriction endonuclease, the resulting restriction fragments are separated into two portions. The first 
portion undergoes treatment as described above. That is, it is treated with exonuclease to form template /primers for 
resynthesizing a labeled strand of DNA. The resulting resynthesized restriction fragments are then broken into smaller 
pieces, as described above. The label in this case, need not be biotin. For example, a radioactive label can be used. 
The second portion is also treated with an exonuclease, preferably exonuclease III. However, the reaction is allowed 

40 to proceed to completion so that each restriction fragment is converted into two noncomplementary single stranded 
pieces approximately half the length of the parent strand. These resulting single strands are then covalently linked to 
DBM paper using standard techniques, e.g. Maniatis etal; Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Laboratory, 1982) pp. 335-339; and Alwine et al.. Methods in Enzymology , Vol. 68, pp. 220-242 (Academic Press, New 
York. 1979). Accordingly, the cited pages of these references are incorporated by reference. The fragments of the first 

45 portion are denatured and combined with the DBM paper containing the covalently linked fragments of the second 
portion. Conditions are adjusted to permit hybridization of the labeled strands to complementary strands covalently 
linked to the DBM paper. The unlabeled strands from the first portion are washed from the paper (there being no 
complementary strands for them to hybridize to). After the washing the labeled strands are removed by heating, for 
example, and are ready for use. 

50 Before application of the probe to the target DNA, the target DNA'is treated with the same restriction endonuclease 

as was used in construction of the probe. After restriction endonuclease treatment the target DNA is treated with an 

-exonuclease. preferably~exonuclease-lll oi^T4-polymefase.--Preferablyrthe Gonditions-of exo^ 

adjusted so that the lengths of single stranded regions created are substantially the same as the lengths of the probe 
DNA. 

55 Hybridization of probe to target DNA is carried out using standard procedures, e.g. Gall and Pardue, Methods In 

Enzymology , Vol. 21, pp. 270-480 (1981); Henderson, International Review of Cytology , Vol. 76, pp. 1-46 (1982); and 
Angerer et al., in Genetic Engineering : Principles and Methods , Setlow and Hollaender, Eds., Vol. 7, pp. 43-65 (Plenum 
Press, New York, 1985). Accordingly, these references are incorporated by reference as guides for the use of the 
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invention in in situ hybridization. Briefly, probe prepared in accordance with the invention is combined with several 
other agents for reducing nonspecific binding, for maintaining the integrity of the biological structure being probed, and 
the like. The resulting mixture is referred to herein as the hybridization mix. Below, the method Is applied In the Chro- 
mosome-specific staining of human chromosome 21 , . .... 

5 Hind III restriction fragments of human chromosome 21 are available from the National Laboratory Gene Library 

Project through the American Type Culture Collection, Rockville, MD, Van Dilla et al., "Human Chromosome-Specific 
DNA Libraries: Construction and Availability," Biotechnology , Vol. 4, pp. 537-552 (1986). Alternately, such fragments 
can be produced following the disclosures in Van Dilla et al., cited above, or Fuscoe et a!., "Contruction of Fifteen 
Human Chromosome-Specific DNA Libraries from Flow-Purified Chromosomes. "Cytogenet Cell Genet , 43: 79-86 

10 (1986). 

Clones from the library having unique sequence inserts are Isolated by the method of Benton and Davis, Science , 
Vol. 196, pp. 180-182 (1977). Briefly, about 1000 recombinant phage are isolated at random from the chromosome 
21 -specific library. These are transferred to nitrocellulose and probed with nick translated total genomic human DNA. 
Of the clones which do not show strong hybridization, approximately 300 are picked which contain apparent unique 

15 sequence DNA. After the selected clones are amplified, the chromosome 21 insert in each clone is^^p labeled and 
hybridized to Southern blots of human genomic DNA digested with the same enzyme used to construct the chromosome 
21 library, i.e., Hind III. Unique sequence containing clones are recognized as those that produce a single band during 
Southern analysis. Roughly, 100 such clones are selected for the heterogeneous mixture of probe DNA. The unique 
sequence clones are amplified, the inserts are removed by Hind III digestions, and the inserts are separated from the 

20 phage arms by gel electrophoresis. The probe DNA fragments (i.e., the unique sequence inserts) are removed from 
the gel and treated with exonuclease III as described above, followed by resynthesis in the presence of biotinylated 
UTP precursor. The resulting double stranded fragments are sonicated so that on an average each fragment receives 
about 1.5-2.0 breaks. The resulting pieces are denatured and the biotinylated fragments are isolated by avidin affinity 
chromotography as described above. 

25 Human lymphocyte chromosomes are prepared following Harper et al., Proc. Nat'l Acad. Sci ., Vol. 78, pp. 

4458-4460 (1 981 ). Metaphase and Interphase cells are washed 3 times In phosphate buffered saline, fixed In methanol- 
acetic acid (3: 1) and dropped onto cleaned microscope slides. Slides are stored In a nitrogen atmosphere at-20°C. 

Slides carrying interphase cells and/or metaphase spreads are removed from the nitrogen treated with RNase 
(100 micrograms/ml for 1 hour at 37*C), treated for about 1-16 hours with Hind III at 37°C (10 units M 10 mM Tris- 

30 HC1, 50 mM NaCI, 10 mM MgCl2, and 14 mM dithioenythritol at pH 7.6), treated with exonuclease III as described 
above, and dehydrated in an ethanol series. They are then treated with proteinase K (60 ng/ml at 37°C for 7.5 minutes) 
and dehydrated. The proteinase K concentration is adjusted depending on the cell type and enzyme lot so that almost 
no phase microscopic image of the chromosomes remains on the dry slide. The hybridization mix consists of (final 
concentrations) 2X SSC (0.15 M NaCI and 0.015 M sodium nitrate) 10 percent dextran sulfate. 500 micrograms/ml 

35 carrier DNA (sonicated herring sperm DNA), and 2.0 microgram/ml biotin-labeled probe DNA. This mixture Is applied 
to the slides at a density of 3 microliters/cm^ under a glass coverslip and sealed with rubber cement. After overnight 
incubation at 37**C, the slides are washed at 45''C (50% formamide-2XSS pH 7, 3 times 3 minutes; followed by 2XSSC 
pH 7, 5 times 2 minutes) and immersed in BN buffer (0.1 M Na bicarbonate, 0.05 percent NP-40, pH 8). The slides are 
never allowed to dry after this point. 

40 The slides are removed from the BN buffer and blocked for 5 minutes at room temperature with BN buffer containing 

5% non-fat dry milk (Carnation) and 0.92% Na Azide (5 mlcroliter/cm^ under plastic coverslips). The coverslips are 
removed, and excess liquid briefly drained and fiuoresceln-avidin DCS (3 microgram/ml in BN buffer with 5% milk and 
0.02% Na Azide) is applied (5 microliter/cm^. The same coverslips are replaced and the slides incubated 20 minutes 
at 37°C. The slides are then washed 3 times for 2 minutes each in BN buffer at 45°C. The intensity of biotin-linked 

45 fluorescence is amplified by adding a layer of biotinylated goat anti-avidin antibody (5 microgram/ml in BN buffer with 
5% goat semm and 0.02% NaAzide) followed, after washing as above, by another layer of fluoresceln-avidin DCS. 
Fluorescein-avidin DCS, goat antiavidin and goat serum are all available commercially e.g., Vector Laboratories (Bur- 
lingame, CA). After washing in BN, a fluorescence antifade solution, p-phenylenediamine (1 .5 microliter/cm^ of cov- 
erslip) is added before observation. It is Important to keep this layer thin for optimum microscopic imaging. This antifade 

50 significantly reduced fluorescein fading and allows continuous microscopic observation for up to 5 minutes. The DNA 
counterstains (DAPI or propidium iodide) are included in the antifade at 0.25-0.5 microgram/ml. 

-The red-fluorescing DNA-specific dye-propidium-tedide (PI) is used to-allow simultaneous observation of hybridized 

probe and total DNA. The fluorescein and PI are excited at 450-490 nm (Zeiss filter combination 487709). Increasing 
the excitation wavelength to 546 nm (Zeiss filter combination 487715) allows observation of the PI only DAPI, a blue 

55 fluorescent DNA-specific stain excited In the ultraviolet (Zeiss filter combination 487701), is used as the counterstain 
when biotin-labeled and total DNA are observed separately. Metaphase chromosomes 21s are detected by randomly 
located spots of yellow distributed over the body of the chromosome. 

The descriptions of the foregoing embodiments of the Invention have been presented for purpose of Illustration 
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and description. They are not intended to be exhaustive or to limit the invention to the precise form disclosed, and 
obviously many modifications and variations are possible In light of the above teachings. The embodiments were chosen 
and described in order to best explain the principles of the invention and its practical application to thereby enable 
others skilled in the art to best utilize the invention in various embodiments and with various modifications as are suited 
5 to the particular use contemplated. 

The complexity of the probes used in the present invention may be from about 50 kb to about 1 megabase or to 
about 750 kb, or preferably from about 200 kb to about 400 kb. 

Test kits may comprise these probes. 

When the probe nucleic acid sequences are propagated in a cell line and/or in one or more vectors, the cell line 
10 may be a hybrid cell line and the one or more vectors be selected from the group consisting of yeast artificial chromo- 
somes, plasmids, bacteriophages and cosmlds. 

The hybrid cell line may be a human/rodent hybrid cell line. 

When the probe nucleic acid sequences prior to hybridization to the targeted chromosomal material are broken 
into fragments of from about 200 bases to about 2000 bases, the size of the fragments may be about 1 kb. 

15 When the size of the fragments is from about 800 bases to about 1000 bases and, when the hybridization is 

performed at a temperature of about 30°C to about 45''C, and when the subsequent washing steps are performed at 
a temperature of from about 40°C to about 50°C, the hybridization may be performed at a temperature of from about 
SS^'C to about 40°C. or may be performed at a temperature of about S/^'C, and the subsequent washing steps being 
performed at a temperature of about 45°C. 

20 The labelled fragments may be dietected after hybridization by flow cytometry, by microscopy (which may be au- 

tomated) or by light scattering. 

In the aspect of the invention wherein the targeted chromosomal material is of fetal cells that have been separated 
from maternal blood, said fetal cells may be separated from maternal blood by using monoclonal antibodies specific 
for said fetal cells, and the fetal cells may be leukocytes and cytotrophobiasts. 

25 Such probes may comprise a prenatal screening test kit. 

When high complexity nucleic acid probes which are substantially free of shared repetitive sequences are produced 
by a process incorporating a polymerase chain reaction (PGR) procedure, during said PGR process, sequences which 
are complementary to said shared repetitive sequences, and which have extended non-complementary ends or which 
are terminated In nucleotides which do not permit extension by a polymerase, may be hybridized to said shared repet- 

30 itive sequences to inhibit amplification of such sequences. 



Claims 

35 1 . A method of staining targeted chromosomal material based upon nucleic acid sequence to detect In an interphase 
cell one or more genetic translocations identified with chromosomal abnormalities, the method being performed 
outside the human body and comprising the steps of: 

(a) hybridizing in situ a heterogeneous mixture of two or more human genome nucleic acid probes having a 
40 combined complexity of at least 40kb, which probes contain nucleic acid sequences which are substantially 

complementary to nucleic acid sequences that flank and/or extend partially or fully across breakpoint regions 
known to be associated with genetic rearrangements, wherein each probe Is labelled with a different colour 
fiuorochrome, with the targeted chromosomal DNA; and 

(b) observing the proximity or overiap of the regions stained by each probe thereby allowing detection of a 
45 translocation. 

2. A method according to claim 1 wherein observing the overiap of regions stained by each probe includes determi- 
nation of a colour signal other than that of a fiuorochrome on one of the probes. 

50 3. A method according to claim 1 or claim 2 wherein the genetic rearrangements are Identified with CML and/or ALL. 

4— A-method aecoFding to elalm-1-0F<:laim-2-wherein4he genetic-rearrangements are Identified with Burkitts-lymphoma.- 



55 Patentanspruche 

1. Verfahren zum Farben von chromosomalem Ziel-Material basierend auf der Nucleinsauresequenz, um in einer 
Interphasenzelle eine oder mehrere genetische Translokationen, welche mit chromosomalen Anomalien Identifi- 
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ziert werden, nachzuweisen, wobel das Verfahren auderhalb des menschlichen Korpers durchgefuhrt wird und 
die Schritte 

a) in-situ-Hybridisieren eines heterogenen Gemisches zweier oder mehrerer Nucleinsauresonden fur das 
5 menschliche Genom, die eine kombinierte Komplexitat von mindestens 40 kB autwelsen, welche Sonden 

Nudeinsauresequenzen enthalten, die im wesentlichen komplementar zu Nucleinsauresequenzen sind, wel- 
che Bruchstellenregionen, von denen bekannt 1st, dali sie mit genetischen Umordnungen assoziiert sind, flan- 
kieren und/oder sich teilweise oder v5llig darQber erstrecken, wobel jede Sonde mit einem Fluorochrom un- 
terschledlicher Farbe nnarkiert ist, mit der chromosomalen Ziel-DNA und 
*o (b) Beobachten der Naclibarschaft oder des Qberlappens der durch jede Sonde gefarbten Regionen, wodurch 

der Nachweis einer Translokation ermSglicht wird, umfalit. 

2. Verfahren nach Anspruch 1 , wobei das Beobachten des Qberlappens der durch jede Sonde gefarbten Regionen 
die Bestimmung eines anderen Farbsignals als das eines Fluorochroms auf einer der Sonden beinhaltet. 

15 

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei die genetischen Umordnungen als CML und/oder ALL iden- 
tifiziert werden. 

4. Verfahren nach Anspruch 1 oder Anspruch 2, wobei die genetischen Umordnungen als Burkitt-Lymphom identlfi- 
20 ziert werden. 



Revendications 

25 1. Precede de coloration de materiel chromosomique cible base sur la sequence d'acides nucleiques pour detecter 
dans une cellule en interphase une ou plusieurs translocations g6n6tiques identifi6es avec les anomalies chro- 
mosomiques, le proc6d6 6tant mis en oeuvre ^ TextSrieur du corps humain et comprenant les stapes qui consistent 
d: 

30 (a) hybrider in situ un melange heterogene de deux ou plusieurs sondes d'acides nucleiques du genome 

humain ayant une complexite combinee d'au moins 40 kb, lesdites sondes contenant des sequences d'acides 
nucleiques qui sont sensiblement complSmentaires aux sequences d'acides nucl6iques qui encadrent et/ou 
s'etendent partiellement ou compl^tement ^ travers les regions des points de cassure connues comme etat 
associees d des rearrangements genetiques, chaque sonde etant marquee ^ Taide d'un fluorochrome de 

35 couleur differente, avec I'ADN chromosomique cible; et 

(b) observer la proximite ou le chevauchement des regions color6es par chaque sonde en permettant ainsi la 
detection d'une translocation. 

2. Precede selon la revendication 1 , dans lequel I'observation du chevauchement des regions colorees par chaque 
40 sonde comprend la determination d'un signal de couleur autre que celui d'un fluorochrome sur I'une des sondes. 

3. Precede selon la revendication 1 ou la revendication 2, dans lequel les r^an^angements genetiques sont identifies 
avec la LMC et/ou la LAL. 

45 4. Precede selon la revendication 1 ou la revendication 2, dans lequel les rearrangements genetiques sont identifies 
avec le lymphome de Burkitt. 



50 
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Description 

Background 

5 [0001] Chromosome banding techniques have facilitated the identification of specific human chromosomes and 
presently provide the major basis upon which chromosomal aberrations are diagnosed. The Interpretation of chromo- 
some banding patterns requires sl<ilied personnel and is often technically difficult, especially with respect to detecting 
minor structural changes and when analyzing complex karyotypes, such as those of highly aneuploid tumor cells. An 
additional complexity is that readable metaphase chromosome spreads are sometimes very difficult or impossible to 

10 prepare from certain cell types or tissues. Alternative methods for identifying chromosomal aberrations would be valu- 
able because they could augment cun-ent methods of cytogenic analysis, particularly If such alternative methods were 
applicable to both mitotic and interphase cell populations. 

[0002] Over the past few years, a considerable body of evidence has been obtained which indicates that the DNA 
of Individual chromosomes occupy focal territories, or spatially cohesive domains, within mammalian interphase nuclei. 

15 Cremer, T. et al., Hum. Genet, 60:66-56 (1982); Hens. L. et al., Exp. Cell Res,, 149:257-269 (1983); Schardin. M. et al.. 
Hum..Genet, 71:281-287 (1985); Manuelidis, L., Hum Genet^, 71:288-293 (1985); and Pinkel, D. et al.. Prpc..Natl. 
Acad, Spi_. USA, 83:2934-2938 (1986). These observations suggest that chromosome-specific probe sets could be 
used to detect numerical or structural aberrations of chromosomal domains in non-mitotic cells, an approach termed 
"interphase cytogenics". Cremer, T. et al., Hum. Genet^, 74:346-352 (1986). Indeed, recent in situ hybridization studies 

20 have demonstrated the prenatal diagnosis of trisomy-18 with interphase cells and the detection of numerical chromo- 
somal abnormalities in tumor cells lines using chromosome-specific repetitive DMAs as probes. Cremer, T. et aL, HyiP; 
Genet,, 74:346-352 (1986) and Cremer, T et al, Exp, Cell _Res,, 176:1 19-220 (1988). All chromosome-specific repeti- 
tive DMAs reported to date are localized to discrete subregions of each chromosome and, thus, such DNA probes are 
unsuitable for analyses of many types of chomosomal aberrations (e.g., translocations and deletions). If it were possible 

25 to detect uniquely the spectrum of sequences comprising a specific chromosome, analysis of aberrations of chromo- 
somal domains in non-mitotic cells would be possible. Furthermore, such a general labeling technique would make it 
possible to address fundamental questions concerning the spatial organization of chromosomal DNA within interphase 
nuclei. 

30 Discbsure of the Invention 

[0003] The subject invention relates to a method of detecting, identifying and/or quantitating selected individual 
chromsomes in mammalian mitotic or interphase cells, by means of chromosomal in situ suppression (CISS) hybridiza- 
tion and its use in analyzing cells for the occurrence of chromosomes, chromosome fragments, or chromosome aber- 

35 rations, such as those associated with a condition or disease. In the method of the present Invention, chromosome- 
specific probes (DNA or RNA) are combined with a sample to be analyzed, in such a manner that an individual chro- 
mosome(s) of interest Is labeled and the complex spectrum of sequences which comprise the chromosome can be 
detected. The probes used in the present method are of high genetic complexity and can be appropriately-selected 
cloned DNA or RNA fragments, used individually or in pools, or chromosome library DNA. 

40 [0004] The method of the present invention, refen^ed to as CISS hybridization, is particularly useful because it can 
be used to specifically stain individual mammalian chromosomes at any point in the cell cycle. It can be used to assess 
chromosomal content, particularly chromosome aberrations (e.g., deletions, rearrangements, change in chromosome 
number) which, until the present invention, it has been time-consuming and/or difficult, if not impossible, to detect. The 
method is useful in providing a rapid and highly specific assessment of individual mammalian chromosomes In any con- 

45 text (e.g., diagnosis and/or monitoring of a genetic condition or a disease state) in which such an assessment is 
desired. 

Brief Description of theDravyings 
50 [0005] 

Figure 1 presents an outline of the CISS hybridization method of the present invention. 

Figure 2 shows suppression from cross-reacting sequences within a chromosome 7-derived DNA library by differ- 
ent concentrations of human competitor DNA. Biotin-labeled chromosome 7 DNA inserts (20 ^ig/ml) were prehy- 
55 bridlzed for 20 minutes with human genomic DNA prior to hybridization with metaphase chromosome spreads and 
detection with FITC-labeled avidin. Human DNA concentrations were: A, 0 |xg/ml; B, 50 ^g/ml; C, 100 ^ig/ml; D, 200 
p.g/ml; E, 1000 ^ig/ml; F, same metaphase spread as in E post-stained with DAPI. Genomic salmon DNA was added 
to each sample to adjust the final DNA concentration to 1.0 mg/ml (see the text for details). The arows mark the 
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target chromosome 7 and the arrowheads mark additional strong signals on non-7 chromosomes. All negatives 
printed were exposed and developed under Identical photographic conditions. 

Figure 3 shows the effect of pre-annealing time on the specificity and strength of the hybridization signal. Biotln- 
labeled chromosome 7 DNA inserts (20 ^g/mi) were preannealed with 200 |xg/ml human competitor DNA for the 

5 following times, prior to hybridization to metaphase A, 0 minutes: B, 2 minutes; C, 5 minutes; D. 20 minutes. 

Figure 4 shows decoration of A chromosome 1, B chromosome 7, C chromosome 4, D chromosome 18, E chro- 
mosome 13 and F chromosome 20 in normal human lymphocytes. Only the chromosome 13 insert DNA pool 
shows significant cross-hybridization to other chromosomes after the prehybridization suppression step. The 
detection of chromosome 20 (F) was done with the entire chromosome library (including X phage arms) and 

10 detected with avidin-alkaline phosphatase using nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate (NBT- 
BCIP) as the enzyme substrate mixture. The signal of chromosome 1 (A) was amplified by the sandwich technique 
of PinkelgLaL(1986). 

Figure 5 shows chromosome domains in human lymphocyte nuclei delineated by preannealed chromosome library 
DNA inserts. Hybridization to acetic acid-methanol fixed nuclei was detected by fluorescein isothiocyanate (FITC)- 

15 conjugated avidin (A-E) or alkaline phosphatase-conjugated avidin (F). Domains are shown for chromosome 1 
(A,B), chromosome 7 (C,D) and chromosome 18 (E,F). A predominant staining of the centromere region is seen 
within the chromosome 7 domains, reflecting preferential hybridization of the chromosome 7-specific alphoid DNA 
repeat; a similar signal distribution on metaphase chromosomes was also observed in this particulate experiment. 
Figure 6 shows chromosomal in situ suppression (CISS) hybridization of chromosome 1 inserts to metaphase 

20 spreads of glioma cell lines detected with avidin-FlTC (A,C) and poststained with 4,6-diamidino-2-phenylindole 
dihydrochloride (DAPI) (B,D). A,B TC 620 show two apparently complete 1 chromosomes (small arrows in B) and 
two marker translocation chromosomes (arrowheads) specifically decorated by these inserts (A). One of the two 
marker chromosomes contains a 1 p (lower left), the other a 1 q arm (lower right); the 1 p terminal (relatively GC rich 
region) in the two normal chromosomes and submetacentric marker is less completely delineated. Also, the 1q12 

25 regions here show little decoration in contrast to most experiments. X 950. C,D Typical TC 593 metaphase spreads 
show six specifically decorated chromosomes. Three acrocentric marker chromosomes all with truncation of 1p 
show particularly intense fluorescence of repeats that localize to 1q12 (arrows in C). In two of these, 1q arms 
appear to be complete, while a major deletion is obvious in the third (the arrow in D). A fourth decorated chromo- 
some (small arrowhead in C,D) again shows a major deletion of the distal part of 1 q, but has retained an apparently 

30 complete 1 p arm. A fifth submetacentric chromosome (large arrowhead) contains an apparently complete 1 p arm; 
the DNA of its short arm has not been identified. Note the similarity of this marker to one of the marker chromo- 
somes of TC 620 (1p) described above. The sixth entirely decorated chromosome is an iso (1p) as demonstrated 
by DAPI-banding (open arrows). X 1200 

Figure 7 shows CISS hybridization of chromosome 4 library Inserts detected with a avidin-FITC; Interphase nuclei 
35 of TC 593 (A-C) and TC 620 (D). Note that the two apparently complete interphase domains are close to each other 
in B, but widely separated in A and C. TC 620 interphase nucleus (D) shows four chromosome 4 interphase 
domains of largely different sizes. Metaphase spread of TC 593 (E) shows two apparently complete 4 chromo- 
somes, and a small decorated region (arrow) In a submetacentric chromosome. This marker with translocated 4 
sequences was observed In about 30% of the spreads. TC 620 metaphase spread (F) shows one apparently com- 
40 plete chromosome 4 and three translocation markers (t) containing different amounts of chromosome 4 material. 
G-J Double hybridization of biotlnylated chromosome 7 inserts and an aminoacetylfluorene (AAF)-modifled 7-spe- 
cific alphoid repeat. G Chromosome 7 inserts depict five entirely decorated metaphase chromosomes. Four of 
them are complete 7 chromosomes, the fifth (arrow) is an Iso (7p) (see Fig. 3E). H The same field as G showing 
AAF-7 alphoid signals on only four decorated chromosomes; no signal Is detected on the iso (7p). I An interphase 
45 nucleus of TC 593 shows five domains delineated by chromosome 7 Inserts; four of these are labeled by 7 alphoid 
probes (J). The arrow in I represents the iso (7p) marker in interphase. 

Figure 8 shows CISS hybridization of library inserts of chromosomes 7 and 18 to metaphase spreads of glioma cell 
lines detected with avidin-FITC. X 875. A,B TC 620 hybridized to chromosome 7 inserts. Three apparently normal 
7 chromosomes and an additional translocation chromosome containing 7 sequences are indicated by large arrow- 

50 head in A; DAPI-stalned complete chromosomes are indicated by the small arrows in B. Other studies (see the text) 
indicated a translocation of 7pter-q1 1 In the marker chromosome (large arrowhead). D, The corresponding frame 
counterstained with DAPI. E, Metaphase spread from pseudotetraploid TC 593 shows five chromosomes high- 
lighted by 7 library inserts. The metacentric chromosome (m) represents the iso (7p) marker typical for this line (see 
also Fig. 2G). Insert chromosomes (small arrows) show DAPI-stained normal and metacentric 7 chromosomes. 

55 The landmark band 7q21 and a block of constitutive heterochromatin at 7q11 are both prominent on the normal 
chromosome 7 Insert, (arrows) but not present on the marker chromosome. Instead both arms of the latter show a 
mirror-like staining pattern with a faint distal band at 7p21. F,G TC 593 hybridized to chromosome 18 Inserts. Four 
decorated 18 chromosomes are shown in F and three of them in G by DAPI staining are clearly translocated (t). 
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Figure 9 is a summary chromosome idiogram of complete and aberrant chromosomes detected by CISS hybridi- 
zation of library inserts of chromosomes 1 , 4, 7, 18 and 20 in glioma cell lines TC 620 (left) and TC 593 (right). G- 
bands (black) are shown with approximate brealcpoints suggested by our data; the shaded areas with a wavy pat- 
tern are from other chromosomes that constitute part of the marker translocation chromosomes. The black dot 
5 beside two of the TC 620 translocated 4 segments indicates that the assignment of the chromosome 4 material is 

based on circumstantial evidence (e.g., size measurements). A small translocation of chromosome 18 material in 
ca. 20% of TC 593 metaphase spreads (+) also could not be further identified. Note the over-representation of 7p 
in both cell lines. 

Figure 10 shows representative prophase (A) and interphase nuclei (B-F) reflect metaphase abnormalities In gli- 
10 oma lines (cf. Figs. 1-3). A, Detection of the 7p translocation (t) in a prophase TC 620 nucleus. X 1,000. B, Five 
well-separate chromosome 7 domains detected in TC 593. X 1,240. C, Two large and one very small 18 domains 
(indicated by arrow head) in TC 620. X 1,450. D. Four chromosome 18 domains detected in TC 593; one of these 
signals (arrow) appears smaller. X 1,450. E, Four chromosomal 1 domains in TC 620 (cf. Fig. 1A, B). X 1,200. F, At 
least five chromosome 1 domains In TC 593; one (arrow head) is appreciably smaller than the others. X 1,250. G.H, 
15 CISS hybridization of a technically poor metaphase spread of TC 593 poststained with DAPI (G) still highlights four 
distinct chromosomes bearing 18 sequences (H). X 1.000. 

Figure 1 1 is a graphic representation of the interphase and/or metaphase counts of chromosomes 7 (A-C), 22 (D) 
• and 4 (E) by CISS hybridization. Interphase counts were performed on 150 nuclei of well-hybridized preparations. 
For metaphase counts > 25 complete DAPI-stained spreads were evaluated. A-C Counts of 7 specific alphoid 

20 repeats (white columns) compared to 7 library inserts (shaded columns): A, interphase nuclei of phytohemaggluti- 
nln-stimulated human lymphocytes (46,XY); B. TC 620 interphase nuclei (7-specific alphoid repeat) and met- 
aphase spreads (7 library inserts); C, TC 593 interphase nuclei (7-specific alphoid repeat) and metaphase spreads 
(7 library inserts). High stringency hybridization (see Materials and methods) of 7 alphoid repeat was used to avoid 
cross-hybridization to other chromosomes. In cases of double hybridization with both 7 library inserts and alphoid 

25 repeat (shown in Fig. 2 G-l) standard conditions with 50% formamide were sufficient to avoid cross-hybridization, 
possibly due to the presence of human competitor DNA. D, Counts of chromosome 22 (library inserts) in met- 
aphase spreads of TC 620 (black columns) and TC 593 (shaded columns). For comparison, CISS hybridization 
was simultaneously performed with 7 library inserts in these experiments as an internal control (see C,D and Fig. 
7), E, Interphase counts (white columns) and metaphase counts (shaded columns) compared in TC 593 hybridized 

30 with chromosome 4 inserts. Note the ratio of signal preparations 2:3 are the same in metaphase and interphase. 

Figure 12 shows a TC 620 metaphase spread after double hybridization with Inserts from chromosomes 7 and 22 
(both labeled with biotin and detected with avidin-FITC). Two strongly decorated 22 chromosomes (an-ows), three 
complete 7 chromosomes, and the metacentric marker chromosome containing 7pter-q1 1 are also seen. 
Figure 13 is a graphic representation of the relative size of decorated normal and aben^nt chromosomes 4, 7 and 

35 18 in typical metaphase spreads (n-24) from glioma cell lines TC 593 and TC 620. Individual areas were normal- 
ized so that a complete chromosome is represented by an area of 1 (see legend to Table 1 ). The total added signals 
reflect the number of specific chromosome equivalents present. The white regions con^espond to apparently nor- 
mal chromosomes, the black regions indicate small free chromosome segments entirely decorated by specific 
library inserts, and translocated segments are shaded. One of the three translocated 18 chromosomes in TC 593 

40 represents a complete chromosome by this measurement (indicated by the black dot), while the two other translo- 
cations are slightly smaller, possibly due to the small sample size. 

Figure 14 shows specific labeling of human chromosome 21 by CISS hybridization with biotinylated DNA probe 
sets. A, plasmid pPW519-1R (6-Kb insert) hybridized to a normal lymphocyte metaphase spread. Signals are 
located on the termini of 21 q (see 4',6-diamidino-2-phenylindole (DAPI)-stained chromosomes in Inset) as verified 

45 by DAPI banding (not shown). B and C, Normal human lymphocyte metaphase (B) and nuclei (C) after hybridiza- 
tion with the 94 Kb plasmid pool probe set. The terminal band 21q22.3 is specifically labeled. D and E, Signals on 
trisomy 21 (47, + 21) lymphocyte metaphase spreads after hybridization with the 94 Kb probe set (D) or chromo- 
some 21 library DNA inserts with the CISS hybridization (14) protocol. (E) Three chromosomes 21 are entirely 
delineated by the library inserts; additional minor signals (see text) are indicated by an-owheads (also in G). (F-J) 

50 Labeling of trisomy 21 lymphocyte nuclei by the library inserts (F and G; compare with E). 

.Detailed p_e_scrlptipn of thelnyentlon 

[0006] The present invention is based on a hybridization strategy in which suppression of hybridization signals from 
55 ubiquitous repeated DNA sequences is achieved by using total DNA in a reannealing procedure which is based on rapid 
reassociation kinetics. The hybridization method of the present invention referred to as chromosomal in situ suppres- 
sion (CISS) hybridization because of the selective suppression of such signals, has been shown to result in specific 
cyto-staining of one or more selected individual chromosomes, particulariy human chromosomes, at any point in the 
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cell cycle and has been used to detect, identify and quantitate chromosomal aben*ations in both mitotic ceils and inter- 
phase cells (i.e., interphase nuclei). 

[0007] Described below and in greater detail in the Examples, are the following: 

5 1 . specific staining In mitotic and Interphase cells of individual human chromosomes, by the method of the present 

invention (CISS hybridization), using chromosome-specific probe sets which are of high genetic complexity (i.e., 
chromosome library DNA, cloned DNA fragments); 

2. specific staining of metaphase and interphase tumor cells by CISS, using chromosome-specific library probes; 
and 

10 3. rapid detection in mitotic and interphase cells from a variety of sources of aberrations in a human chromosome 
(chromosome 21) which is associated with a genetic condition (Down syndrome), using CISS hybridization, 
4. demonstration that a nested set of chromosome specific unique sequence probes has been used to identify 
chromosome aberrations and to detect genetic disease (e.g., Down Syndrome). 

15 Sp_ecific Stajning of Indiyidual.Human Chrpmpspmes 

[0008] By use of the CISS hybridization method, individual (such as the X and Y chromosomes or homolog pairs of 
chromosomes 1-22) human chromosomes have been specifically stained in both mitotic and interphase cells. This has 
been carried out in both metaphase spreads and interphase nuclei and has been used to stain or label one selected 
20 (individual) chromosome and to stain or label multiple selected (individual) chromosomes simultaneously, using, 
respectively, signal-probe CISS hybridization and multi-probe CISS hybridization in conjunction with an appropriate 
detection method. The method is represented schematically in Figure 1. 

Specific Chromqspme Stainmg UsjnaGenqniic p^^^^ Libraries and Cloned DNA 

25 

[0009] CISS hybridization was carried out as follows, to produce specific staining of individual human chromo- 
somes, using commercially-available genomic DNA libraries that originated from flow-cytometry sorted human chromo- 
somes and cloned DNA fragments. Van Dllla, M,A. et al., Biotechnology, 4:537-552 (1986). Suppression of 
hybridization signals from ubiquitious repeated sequences, such as the Alu and Kpnl elements, was achieved using 

30 total human DNA in a reannealing procedure that is based on rapid reassociation l<inetics. Similar principles have been 
used by others to facilitate the selective hybridization of unique sequence subsets from cosmid DNA clones for South- 
ern blotting and in situ hybridization experiments. Sealey, RG. et al., Nucleic Acids, 13:1905-1922 (1985); and Lande- 
gent, J.E. et al., Hum.^Genet^, 77:366-370 (1987). Specific labeling of individual chromosomes in both metaphase 
spreads and Interphase nuclei. Is carried out (and shown to have occun^ed) In the following manner, which Is described 

35 in detail in the Examples. The feasibility of using computer-assisted optical sectioning for 3-D reconstruction of chromo- 
somal domains for the analysis of nuclear topography was also demonstrated in conjunction with CISS hybridization. 
[0010] Initially, genomic DNA from a selected chromosome or selected chromosomes is prepared for use as probe 
DNA. Genomic DNA is available from several sources. For example, one or more genomic DNA libraries, each contain- 
ing the chromosome of interest (a chromosome-derived library), is used to produce the necessary DNA probes. Such 

40 libraries can be commercially-available genomic DNA libraries that originated from flow-cytometry sorted human chro- 
mosomes. These are available from the American Type Culture Collection (Rockville, MD). Such DNA libraries for 
human chromosomes 1 . 4, 7, 8, 9, 12, 13, 14, 16, 17, 18, 20, 21 , 22 and chromosome X have been used in the present 
method, as described in the Examples. Other commercially available genomic DNA libraries or genomic DNA libraries 
from noncommercial sources can also be used. Alternatively, individual plasmid, phage, yeast artificial chromosomes 

45 with non-yeast DNA inserts, and cosmid DNA clones can be used as a source of DNA probes for a selected individual 
chromosome or multiple selected chromosomes. In the case of DNA from a genomic library, the DNA can be separated 
as a pool from the vector containing it, prior to labeling with a detectable signal, or can be used without separation from 
the vector. 

[001 1] Probes are labeled with a detectable signal, which can be a fluorescent reporter, one member of a specific 
50 binding pair (e.g., biotin-avidin or ligand-antibody), or an enzyme. DNA removed from the vector is labeled by nick trans- 
lation (using, for example. Bio-1 1-dUTP), by random primer extension with (e.g., 3' end tailing), for example, the Amer- 
. sham multlprime DNA labeling system, substituting dTTP with Bio-1 1-dUTP, or other appropriate technique. In the case 
of DNA which has not been separated from the vector, biotin labeling is carried out directly by nick translation, using 
standard techniques. Brigati et aL. Virology. 126:32-50 (1983). Other labels can be added in a similar manner (e.g., 2,4- 
55 dinitro phenol, digoxin). 

[0012] Probe size is carefully selected and controlled in order to facilitate probe penetration and to optimize rean- 
nealing hybridization. Labeled DNA fragments smaller than 500 nucleotides are used, and, more generally, the majority 
of the probes are 150-250 nucleotides in length. Probes of this length are made from longer nucleotide sequences 
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using publicly available restriction enzymes or known techniques for producing and recovering appropriately-sized frag- 
ments. It is also possible, if the nucleotide sequence of a selected chromosome is known, to synthesize an oligonucle- 
otide having that sequence, using known techniques. Such oligonucleotides, once labeled, can be used to decorate 
specific chromosomal regions. For example, oligonucleotide probes which specifically hybridize to telomeric sequences 
5 of mammalian chromosomes have been identified. l\1oyuif et aL, Proceedings of the National Academy of Sciences, 
USA, Sept. 1988. 

[0013] Competitor DNA, which is DNA which acts to suppress hybridization signals from ubiquitous repeated 
sequences, will be selected as needed (e.g., based on the mammal whose chromosomes are being analyzed). In the 
case of analysis of human chromosomes, competitor DNA is total human DNA which acts to suppress hybridization 
10 from ubiquitous repeated sequences, such as the Alu and the Kpnl elements. It is available from many sources. For 
example, human genomic DNA from placenta or white blood cells can be prepared using known techniques, such as 
that described by Davis et al. Davis, L.G. et al., Basic methods in molecular biology, Elsevier, N.Y./ Amsterdam (1986). 
It is digested, using standard methods (e.g., with DNAse), to produce competitor DNA fragments within the same size 
distribution as the probe DNA. 

15 [0014] DNA from another source, which will compete with only a small portion of the human DNA and which is 
used, as necessary, to adjust the total (final) DNA concentration of the hybridization mixture will also be included, as 
needed. This DNA is referred to as carrier DNA. This DNA Is produced or treated, using standard methods, so that it is 
within the same size distribution as the probe DNA. 

[0015] Initially, probe DNA bearing a detectable label and competitor DNA are combined under conditions appro- 
20 priate for preannealing to occur. The quantity of probe DNA combined with competitor DNA is adjusted to reflect the 
relative DNA content of the chromosome target. For example, chromosome 1 contains approximately 5.3 times as 
much DNA as is present in chromosome 21. Probe concentrations were 30 [ig/ml and 5 |ig/ml, respectively. When total 
genomic library DNA is used as the probe mixture (instead of purified DNA inserts), approximately 10 times as much 
labeled DNA is added to compensate for the vector sequences, which are present in large quantities. Only twice as 
25 much labeled library DNA is added in the case of the libraries LA0XNL01 (X chromosome) and LA16NL02 (chromo- 
some 16) because the human DNA inserts constitute almost half of the total library DNA. Carrier DNA, such as trout or 
salmon testis DNA, is added to bring the total DNA concentration to a predetermined level, if necessary. As described 
herein, sufflcient salmon testis DNA was added to result In a final DNA concentration of 1.0 mg/ml in the hybridization 
mixture (which includes all three types of DNA: probe DNA, competitor DNA and DNA which does not significantly com- 
30 pete). 

[0016] The resulting hybridization mixture is treated (e.g., by heating) to denature the DNA present and incubated 
at approximately 37°C for sufficient time to promote partial reannealing. 

[0017] The sample containing chromosome DNA to be identified (specifically labeled) is also treated to render DNA 
present In it available for hybridization with complementary sequences, such as by heating to denature the DNA. The 

35 hybridization mixture and the sample are combined, under conditions and for sufficient time conducive to hybridization. 
After sufficient time, detection of specific labeling of the chromosome target is carried out, using standard techniques. 
For example, as described In the Examples, a biotinylated probe is detected using fluoresceln-tabeled avidin or avidln- 
alkaline phosphatase complexes. For fluorochrome detection, samples are incubated, for example, with fluorescein iso- 
thiocyanate (FITC)-conjugated avidin DCS (see Example 1). Amplification of the FITC signal can be effected, if neces- 

40 sary, by Incubation with biotln-conjugated goat antl-avidin D antibodies, washing and a second Incubation with FITC- 
conjugated avidin. For detection by enzyme activity, samples are incubated, for example, with streptavidin, washed, 
incubated with biotin-conjugated alkaline phosphatase, washed again and pre-equilibrated (e.g., in AP-buffer, as 
described in Example 1). The enzyme reaction is carried out in, for example, AP buffer containing nitroblue tetrazolium 
and 5-bromo-4-chloro-3-indoyl phosphate and stopped by incubation in 2 X SSC. 

45 

Detection of Chromosome Aberrations Usin CISS_ Hybridjzatipn 

[0018] Using the above-described steps, it is possible to specifically stain or label any selected individual chromo- 
some (or chromosomes) referred to as a target chromosome, or a subregion(s) thereof. As explained in the examples, 

50 the present method has been shown to be useful in a variety of cells, both in mitotic (e.g., metaphase, prophase) and 
interphase cells. As described in detail in Example 2, the CISS hybridization method of the present method is useful for 
rapidly screening mitotic and interphase aneuploid tumor cells for complex numerical and structural aberrations of indi- 
vidual chromosomes (e.g., changes in number of chromosomes, deletions and rearrangements or translocations). 
[0019] In this context, biotinylated library DNA inserts were used in the CISS hybridization method to produce 

55 hybrid molecules which were detected using known techniques. Two glioma lines were used as general models of ane- 
uploid cells, particulariy tumor cells. One was an oligodendroglioma line and the other was a gliobastoma line. These 
were analyzed, using the biotinylated DNA probes specific for chromosome 1 , 4, 7, 18 and 22. Specific labeling of the 
chromosomes, from pter to qter, made it possible to visualize numerical changes, deletions and rearrangements In 
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these chromosomes in metaphase spreads and in early prophase and interphase nuclei. Complete chromosomes, 
deleted chromosomes and segments of translocated chromosomes were rapidly delineated In the very complex kary- 
otypes of such cells. Additional subregional probes were also used to further define aberrant chromosomes. Digital 
image analysis was used to quantitate the total complement of specific chromosomal DMAs in individual metaphase 
5 and interphase cells of each line. Under-representation of chromosome 21 and over-representation of chromosome 7 
(specifically 7p) were observed. This is in agreement with previous observations by others using conventional cytoge- 
netic bauding techniques. Bigner, S.H. et _aL, Cancer. Genet._ Cytoc(_e_net^, 22:121-135 (1987); Shapiro, J.R., Semin^ 
OncpL. 13:4-15(1986). 

[0020] The two glioma cell lines used display several cytogenetic features common to many glioma cells. Thus, it is 
10 reasonable to expect that the CISS hybridization method can be used in a similar manner to specifically decorate other 
chromosomes and to detect those chromosomes in glial tumors. The two cell types analyzed are highly aneuploid (i.e., 
they have 100 chromosomes, rather than the normal 46). Therefore, it is reasonable to expect that the CISS hybridiza- 
tion method can be used in assessing any type of aneuploid (tumor) cell. 

[0021] Thus, the CISS hybridization method can be used in assessing chromosomal aberrations associated with 
15 cancer, both in diagnosis of the disease and in monitoring its status (.e.g., progression, regression or change with treat- 
ment) In patients. In this application, assessment of a single chromosome or of multiple chromosomes, and subregions 
thereof, can be carried out. Double hybridizations using two DNA probes, each bearing a different label can also be car- 
ried out. That is, biotinylated chromosome 7 library DNA inserts and a probe specific for alphoid repeats on chromo- 
some 7 (pa7tl) which was modified with aminoacetylfluorene (AAF) were used to assess chromosome 7 
20 content/characteristics in both metaphase spreads and interphase nuclei of the two types of tumor cells (TC 593, TC 
620). After hybridization, biotinylated chromosome 7 inserts were detected using avidin-FITC and chromosome 7-spe- 
cific alphoid AAF labeled sequences were detected with tetramethylrhodamine isothiocyanate (TRITC) conjugated sec- 
ond antibodies. Double CISS hybridization was used to detect translation between chromosome 8 and 14, Burkitt 
lymphoma cells, a high malignancy form of B lymphocyte tumors such were seen in both metaphase spreads and inter- 
25 phase cells. 

[0022] This made it possible to detect similarities and differences in chromosome number 7 present in the two 
tumor cell types: only the foui- complete number 7 chromosomes found in TC 593 contained a detectable 7 centromeric 
signal; a smaller and metacentric number 7 chromosome lacked the 7 alphoid sequences and a small block of hetero- 
chromatin at 7q11 (indicating that it lacked a characteristic centromeric region). In contrast, all four chromosome 

30 number 7 of TC 620 were labeled with the 7 alphoid probe. Double CISS hybridization also made it possible to distin- 
guish among number 7 chromosomes present in one cell type (TC 593) and to demonstrate similarity (at least as to the 
characteristics assessed) among number 7 chromosomes present in the other cell type (TC 620). 
[0023] Double CISS hybridization was used to detect translocations between chromosome 8 and chromosome 14 
in Burkitt's lymphoma cells; Burkltt's lymphoma is a highly malignant form of B lymphocyte tumors. Translocations were 

35 detected in both metaphase spreads and interphase cells. 

[0024] It is possible, through the use of appropriately-selected probes and/or labels to increase the number of dif- 
ferent chromosomes, as well as the number of subregions on some or all of those chromosomes, which can be ana- 
lyzed simultaneously using multiple CISS hybridization. For example, it is possible to use more than one probe, each 
specific for a subregion of a target chromosome, to analyze several subregions on that single chromosome at one time. 

40 It is also possible to label each probe set (set of DNA or RNA fragments) with a distinct fluorochrome or different 
reporter molecule, which can be distinguished from one another, after probe-target chromosome hybridization has 
occurred, by known techniques (e.g., by using specific fluorescent or enzyme reagents). 

[0025] Furthermore, a "combinatorial" variant of CISS hybridization can be used to enhance the number of chro- 
mosomes which can be assessed simultaneously. That is, it is possible to use a hybridization probe mixture made from 

45 a single set of probe sequences composed of two halves, each separately labeled with a different fluorochrome (e.g., 
fluorescein and rhodamlne), which, upon hybridization, produce a third fluorescence "color" or signal optically distin- 
guishable from each of the original individual fluorochromes. Pairing of two different fluorochromes in this manner 
makes it possible to identify three different chromosomes. For example, a probe set labeled only with fluorescein will 
yield one color upon hybridization; the same probe set labeled only with rhodamlne will yield a second (different) color 

50 upon hybridization. When half of the probe set is labeled with one of the two, both sequence subsets can hybridize to 
target with equal probability and be perceived as a third (different) color (in a way not dissimilar to mixing paint). It is 
important here that two fluorochromes are not introduced into the same molecule, in order to minimize the possibility of 
E transfer (a well-known process where light emitted by one fluorochrome whose spectrum overlaps that of the other 
fluorochrome is absorbed by the second fluorochrome. The transferred electrons are emitted by second fluorochrome, 

55 which leads to quenching of the first fluorochrome. Pairwise combinations of three different fluorochromes selected for 
their spectral characteristics can be used singly and in pairwise combinations to produce in a similar manner. This can 
result in the production of six different fluorescent colors or signals (e.g., three pairs plus three single fluorochromes). 
Similar combinations of four different fluorochromes results in production of 1 0 different fluorescent colors or signals, of 
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five different fluorochromes results In production of 1 5 different colors or signals, etc. This principle of combinatorial flu- 
orescence (combining two or more fluorochromes to label the same probe set) Is applicable to metaphase and Inter- 
phase chromosome analysis because each chromosome is a physically separate entity and is. thus, a distinct target. 
Composite probe labeling in which mixtures of three different fluorochromes are used provides even greater diversity of 
colors or signals useful in simultaneous multiparameter analysis. 

[0026] Another approach to enhance the number of chromosomes which can be analyzed simultaneously involves 
a "time-reoolved" method of fluorescence detection. In this instance, the DNA (or RNA) probes are labeled with chelat- 
ing "cages" which bind specific lanthanides (e.g., Europium, turbium). Such metal chelates can be made to fluoresce. 
They exhibit excited state lifetimes that are much longer (micro to millisec) than those of most normal fluorochromes 
(whose half lives are in the nanosecond range). Both the wavelength and the fluorescence lifetime is influenced by the 
nature of the lanthanide metal ion employed. If a pulsed-gating system, which excites the sample with light for a few 
nanoseconds and then shuts off is used, it is possible to let short-lived fluorochromes decay to their ground state, open 
the detector system at a defined time after excitation, (i.e., 1-100 microseconds) and detect only long-lived fluoro- 
chrome. This method can be used to discriminate 2 fluorescent dyes which have identical spectra but different lifetimes, 
thus adding a time factor to fluorochrome discrimination. 

[0027] Another approach to increase the number of different chromosomes that can be analyzed simultaneously Is 
based on a detection system which distinguishes chromosomes in terms of the flexibility or rigidity of an attached fluor- 
ochrome. Here, two single stranded probe sets can be labeled with the same fluorochrome. In one probe set the fluor- 
ochrome is introduced into the body of DNA sequences which will form hybrid molecules with the target DNA of interest. 
In the second probe set, the fluorochrome is introduced into DNA sequences, that do not hybridize with the target DNA 
(e.g., by adding a 3'-tail of poly dA-fluorochrome with deoxynucleotide terminal transferase, ligation of fluorochrome- 
labeled heterologous DNA to the probe DNA or other conventional secondary labeling techniques known in the art). 
Fluorochromes within the body of the DNA which form probe-target chromosome hybrids will become immobilized and 
thus will be unable to rotate freely in solution. In contrast, fluorochromes in the single-strand DNA that is not involved in 
hybrid formation are not Immobilized and can rotate much more freely in solution. By measuring the rate of fluoro- 
chrome rotational freedom, (i.e., by measuring how fest the fluorochromes become depolarized when illuminated with 
polarized light) one can discriminate the two sets' of probes. 

Use. of_C I SS hybridization and regionally defined probe sets for rapjd_ as_sessnr»ent_of chromosome aberratj 
30 ated with genetic _disprders_ and_ chromosomal _damage 

[0028] It has been demonstrated that the CISS hybridization method is useful for the rapid assessment of chromo- 
some aberrations (such as numerical and structural aberrations of chromosome 21 ) associated with genetic disorders 
(e.g., in the case of chromosome 21, Down syndrome). DNA probe sets which specifically label the terminal band 

35 21q22.3 or decorate the entire chromosome 21 aberrations in metaphase and interphase cells are described in Exam- 
ple 3. The cloned DNA fragments from the human chromosome 21 are useful to specifically label the cognate chromo- 
somal region in metaphase spreads and interphase nuclei In a variety of cell types. That is, CISS hybridization using a 
chromosome 21 probe set was shown to be effective in labeling/identifying chromosome 21 DNA in lymphocytes, 
embryonic chorionic villi cells and a glioma tumor cell line (TC 620). Unique probe sets from band 21q22.3 were also 

40 used to detect chromosome 21 in solid tissue (''normal" human brain tissue). Thus, CISS hybridization and hybridization 
with pools of unique sequence probes clearly have potential as a diagnostic for Down syndrome and for other genetic 
diseases or other conditions associated with chromosomal aberrations. 

[0029] Results demonstrate that a trisomic karyotype can be diagnosed easily in interphase cells because the 
majority of the nuclei (55-65%) exhibit three distinct foci of hybridization. In contrast, less than 0.2% of nuclei in lym- 

45 phocytes with a disomic karyotype show three nuclear signals; interestingly, the percentage of such nuclei in normal CV 
cells was higher but still considerably less than 5%. In general, as few as 20-30 cells were sufficient to unambiguously 
distinguish between disomic and trisomic cell populations. However, in view of the uncertainty of the level of chromo- 
some 21 mosaicism in clinical samples, the number of cells required to make an unambiguous diagnosis will likely be 
higher. Additional clinical correlations will be required to establish the absolute number. Nevertheless, this analytical 

50 approach could allow the diagnosis of Down syndrome without the need to culture cells or to obtain metaphase 
spreads. It would also decrease the time required to make the diagnosis, from the current 10-14 days to 1 day or less. 
[0030] Although selected plasmid clones containing only unique human DNA sequences were used here, cosmid 
clones containing repetitive sequences can also be used to specifically label their cognate genomic region in met- 
aphase and interphase cells by applying hybridization protocols like CISS hybridization that suppress the signal contri- 

55 bution of repetitive sequence elements. Therefore, single or nested sets of cosmids could be used as diagnostic tools 
for other genetic diseases in a feshlon similar to that reported here. Trisomy of chromosomes 13,18 and 21 and numer- 
ical changes in chromosomes X and Y together account for the vast majority of numerical chromosome abnormalities 
identified during prenatal karyotyping. With the continued development of multiple nonisotopic probe labeling and 
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detection systems it should be possible to visualize three or more chromosomes simultaneously following in situ hybrid- 
ization. The variations, described in the previous section, of the CISS hybridization method which increase the number 
of chromosomes, and/or the number of chromosome regions which can be assessed simultaneously can also be used 
for detecting chromosomal aberrations associated with genetic disorders and chromosomal damage. Thus, the devel- 
5 opment of a rapid and automated screening test to detect the major trisomic disorders directly in interphase cells from 
amniotic fluid or chorionic villi cells is a viable future objective. The analysis of specific human chromosomes by in situ 
hybridization has already been used to complement conventional cytogenetic studies of highly aneuploid tumor lines 
(Example 2) and the extension to prenatal diagnostic applications seem warranted. 

[0031] The analysis of karyotypes with translocations of chromosome 21 shows the usefulness of a regional probe 
10 set to rapidly identify and characterize even small translocations by unambiguous signals on metaphase chromosomes, 
thus circumventing an extensive analysis by high-resolution banding. In contrast, the library insert probe is more suita- 
ble for defining the relative amount of chromosome 21 DNA that has been translocated. By analyzing interphase nuclei, 
one can also determine if a balanced or unbalanced number of chromosomal regions exists. However, the detection of 
a translocated chromosome directly in nuclei would require double-labeling techniques to identify the recipient chromo- 
15 some to which the chromosome 21 material was translocated. With prior knowledge of the chromosome in question, 
such translocation events could be assessed by measuring the juxtaposition of the nuclear signals. Rappold, G.A. et 
aL, Hum. Genet, 67:317-325 (1984). 

[0032] A cosmid clone spanning the entire muscular dystrophy (MD) locus on chromosome X has been used to 
Identify translocation between chromosome X and chromosome 4. 

20 [0033] Probes containing 6 kb of sequence were localized in both metaphase spreads and interphase cells with 
high efficiency. This detection sensitivity with nonisotopic reagents is similar to that achieved in other recent reports. 
The combination of nonisotopic in situ hybridization with DAP! or BrdUrd banding or total chromosome decoration with 
library DNA probes thus provides a simple and general approach for gene mapping. Combinatorial fluorescent technol- 
ogy will also make it possible to examine several chromosomal regions simultaneously, thus permitting genetic linkage 

25 analysis by in situ hybridization. It also should ^cilltate the use of small DNA probes to rapidly pinpoint the breakpoints 
on translocation chromosomes, which could further aid in defining the genomic segments critical for Down syndrome. 

Identifying and Jsolating Chromosome-Specific Sequence.s Using C[SS Hybridjzatipn 

30 [0034] The CISS hybridization method of the present invention can also be used to identify chromosome-specific 
sequences and, subsequently, to separate them from repetitive sequences, using known techniques. Such chromo- 
some-specific sequences, separate from the non-specific or repetitive sequences, and labeled, can be used in hybrid- 
ization assays carried out, for example, in a diagnostic context, to identify, detect, and/or quantitate a chromosome or 
chromosome region of Interest (e.g., one which is associated with a genetic disorder or causes an infiectious disease). 

35 Combination of a sample to be assayed for a selected target nucleic acid sequence or sequences and appropriately- 
selected, labeled chromosome-specific sequences separated from repetitive sequences (e.g.. sequences specific for 
sequences on the chromosome(s), generally refenred to as target nucleic acid sequences, which are to be detected 
and/or quantltated in the sample under appropriate conditions results in hybridization with complementary sequences 
present in the sample. Hybridization will not occur, of course, if complementary sequences are not present in the sam- 

40 pie. 

[0035] Such separated chromosome-specific nucleic acid sequences can be incorporated into a kit to be used for 
identification, detection and/or quantitation of chromosomes or chromosome regions of interest, using standard hybrid- 
ization techniques. For example, labeled nucleic acid sequences which are chromosome 21 specific (or specific to a 
portion of chromosome 21), identified by CISS hybridization, and separated from repetitive sequences present on chro- 
45 mosome 21 , can be included in a kit, along with other reagents such as buffers, competitor DNA. carrier DNA and sub- 
stances needed for detection of labeled chromosome 21 -derived nucleic acid sequences hybridized to chromosome 21 
sequences present in a sample. Such kits clearly can be produced to include chromosome-derived nucleic acid 
sequences from one or more chromosome(s) of interest. Competitor DNA, carrier DNA and substances useful for 
detecting hybridized sequences will be as described above. 

50 

EXAMPLE 1 Cyto-Specific Staining of Indivjdual Human Chromosomes Usm^ Genomic DNA Libraries in CjSS Hybrid- 
ization 

DNA Ijbraries 

55 

[0036] The following human chromosome genomic libraries were obtained from the American Type Culture Collec- 
tion: LA01NS01 (chromosome 1), LL04NS01 (chromosome 4), LA07Ns01 (chromosome 7), LL08NS02 (chromosome 
8), LA13NS03 (chromosome 13). LL14NS01 (chromosome 14). LL19NS01 (chromosome 18), LL20NS01 (chromo- 
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some 20), LL21NS02 (chromosome 21). LA22NS03 (chromosome 22), LA0XNL01 (chromosome X). Amplification of 
these phage libraries on agar plates (using LE 392 cells as the bacterial host), purification of the X phages and extrac- 
tion of phage-DNA pools were carried out according to standard protocols. Maniatis, T. et al., Molecular Cloning: A Lab- 
oratory Manual, Cold Spring Harbor Laborabory, Cold Spring Harbor, NJ (1982). 

5 

Preparation of metaphase spreads and fibroblast oells 

[0037] Phytohemagglutinin-stimulated lymphocytes from a normal adult male (46, XY) were cultured in McCoy's 5A 
medium (GIBCO), arrested with Colcemid, treated with a hypotonic solution of 0.075 M KCI, fixed in acetic acid-meth- 
10 anol and metaphase spreads made by standard procedures. Low-passage normal human foreskin fibroblasts (46, XY) 
were grown on microscope slides, fixed with paraformaldehyde, and permeabilized as described for study of prepara- 
tions with a more intact three-dimensional structure. Manuelidis, L, Ann, NY.Acajj, Sci^, 450:205-221 (1985). 

Preparation of DNAs for in situ hybridization 

15 

[0038] Insert DNA probes. Genomic DNA fragments from the chromosomal DNA libraries were separated as a pool 
from the Charon 21 A vector arms by digestion with the appropriate restriction enzyme [EcoRI (LA libraries) or Hind III 
(LL libraries)], followed by preparative electrophoresis in 0.6% agarose gel. The insert fragments were isolated from gel 
slices by electroelution into an Elutrap (Schleicher and Schuell) and further purified by Elutip-d column chromatography 

20 (Schleicher and Schuell). The DNA was then extracted with phenol/chloroform (1:1) and ethanol precipitated. This pool 
of DNA fragments was labeled either by nick translation using Bio-1 1 -dUTP or by random primer extension with the mul- 
tiprime DNA labeling system (Amersham) substituting dTTP with 0.5 mM Bio-1 1-dUTP Langer, PR. et al., Proc. Natl. 
Acad, Sci, USA, 78:6633-6637 (1981) and Brigati, D.J. et al., Virology, 126:32-50 (1983). Alternatively, the DNA of the 
chromosome-specific libraries was biotin-labeled directly (without separation of the vector arms) by nick translation. 

25 [0039] P.robe. size. To facilitate probe penetration and to optimize reannealing hybridization, labeled DNA fragments 
smaller than 500 nucleotides are used; the majority of the probes are generally 150 to 250 nucleotides in length. DNAse 
concentrations were empirically established In nick-translation reactions to yield fragments In the desired size range 
and this was verified by agarose gel electrophoresis. Random primer extensions were also earned out under conditions 
which yielded a comparable DNA size distribution. 

30 [0040] Cpmj?etitor DNA. Human genomic DNA (from placenta or white blood cells), prepared as described, as well 
salmon testis genomic DNA (Sigma) were digested with DNAse to obtain fragments with the same size distribution as 
the probe DNA, then extracted with phenol/chloroform and ethanol precipitated. Davis, L.G. et aL, "Basic methods in 
molecular biology", Elsevier. New York Amsterdam (1986). These competitor DNAs were used in varying ratios with 
probe sequences, as described with reference to Figure 2. 

35 [0041] Preannealing^and hyjDfidizatipn. Under standard conditions, from 5 |ig/ml to 30p.g/ml of biotin-labeled DNA, 
representing library insert fragments, and varying amounts of competitor DNAs were combined, ethanol-precipitated 
and resuspended in formamlde. The probe concentration was adjusted to reflect the relative DNA content of each chro- 
mosome target. For example, chromosome 1 contains approximately 5.3 times as much DNA as chromosome 21 ; thus 
the probe concentrations used were 30 p.g/ml and 5 fig/ml, respectively. Mendelsohn, M.L. et al., Science. 179:1126- 

40 1 129 (1973). When total library DNA was used as the probe mixture instead of purified DNA inserts, 10 times as much 
labeled DNA was added to compensate for the large amount of vector sequences. In the case of the X-chromosome 
library, LA0XNL01, only twice as much labeled library DNA was used, since the human DNA Inserts constitute almost 
half of the total DNA. For comparative purposes, the concentration of human competitor DNA in the hybridization mix- 
ture was varied from 1 to 1 .0 mg/ml and salmon testis DNA was added as required to result in a final DNA concentration 

45 of 1.0 mg/ml in 50% formamlde, 1 x SSC (0.15 M sodium chloride, 0.015 M sodium citrate, pH 7.0) and 10% dextran 
sulfete. These solutions were heated at 75''C for 5 min. to denature the DNA and then incubated at 37''C for various 
times to promote partial reannealing. The preannealing step was done in an Eppendorf tube just prior to applying the 
hybridization mixture to the specimen. Nuclei and chromosome spreads on glass slides were incubated In 70% forma- 
mlde, 2 X SSC] at 70''C for 2 min. to denature chromosomal DNA and then dehydrated in a series of ice-cold ethanal 

50 (70%, 90% and 100%, each for 3 min.). After application of the preannealed probe mixture (2.5 ^l/cm^) to slides pre- 
warmed to 42''C, a coversllp was added and sealed with rubber cement. The samples were then immediately Incubated 
at 37*'C in a moist chamber for 10-20 h. . 

[0042] In those cases where paraformaldehyde fixation was used to more optimally preserve the 3-D structure of 
the specimen, the slides were equilibrated In 50% formamlde, 1 X SSC (2X5 min.), excess fluid was removed without 
55 permitting the sample to dry, the probe mixture was added (5 \mlcn\% and a coversiip mounted and sealed with rubber 
cement. Manuelidis, L., Ann. NY Acad, _Sci^, 450:205-221 (1985). Denaturation of both probe and cellular DNA was 
done at 75°C for 5 min. before hybridization was allowed to proceed overnight at 37°C. 
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Detection 

[0043] After hybridization, the slides were washed in 50% fbrmamide, 2 X SSC (3X5 min., 42°C) followed by 
washes in 0.1 X SSC (3X5 min., 60°C). Thereafter the slides were incubated with 3% bovine serum albumin (BSA), 4 

5 X SSC for approximately 30 minutes at 37°C. Detection of the biotinylated probe was achieved using either fluorescein- 
labeled avidin or avidin-all<aline phosphatase complexes. All detection reagents were made up in 4 X SSC, 0.1% Tween 
20, 1 % BSA and all washes were carried out in 4 X SSC, 0.1% Tween 20 (3 X 3 min., 42°C). For fluorochrome detection, 
slides were incubated with 5 ^ig/ml fluorescein isothiocyanate (FITC)-conjugated avidin DCS (Vector Laboratories) at 
37°C for 30 min,, followed by washes. In rare cases, the FITC signal was amplified by incubation with 5 |ig/ml biotin- 

10 conjugated goat anti-avidin D antibodies (Vector Laboratories) at 37*'C for 30 min., followed by washing, a second incu- 
bation with 5 \ig/n\\ FITC-conjugated avidin (37°C, 30 min.) and a final wash, Pinkel, D, et al., Prpc.. Natl., Acad. Sci. 
USA, 83:2934-2938 (1986). For detection by enzyme activity, samples were incubated with 2.5 jxg/ml streptavidin, 
washed, incubated with 2 [ig/ml biotin-conjugated alkaline phosphatase (Vector Laboratories), washed again and pre- 
equilibrated in Ap-buffer 9.5 (100 mM Tris-HCI, pH 9.5, 100 mM NaCI, 50 mM MgCy for 2 x 5 min. at room temperature, 

15 The enzyme reaction was carried out in AP buffer 9.5 containing 330 [ig/ml of nitroblue tetrazollum (NBT) and 1 65 ^g/ml 
5-bromo-4-chloro-3-indoly! phosphate (BCIP) at 37°C for 0.5-1 hour and stopped by incubation In 2 X SSC. All prepa- 
rations were counterstained with 200 ng/ml 4,6-diamidino-2-phenylindoledihydrochloride (DAPI), 2 X SSC for 5 min. at 
room temperature and mounted in 20 mM Tris-HCI, pH 8.0. 90% glycerol contalnig 2.3% of the DAPCO antifade, 1.4 
diazabicyclo-2(2,2,2)octane. Johnson G.D. et al., 1 ImmunoJ. MethodSj 55:231-242 (1982). 

20 

pepsitometry 

[0044] A graphics workstation (VAX station ll/GPX, Digital Equipment Corporation) with a frame grabber (ITEX FG- 
101 , Imaging Technology) and a Dage-MTI-65 video camera with a Zeiss S-Planar 60 mm lens were used as described 

25 in Manuelidis, L. and J. Borden, Chfomosoma, 96:397-610 (1988). Images were digitized directly from the negatives 
and stored on disk. Background was removed and polygonal regions around each chromosome were defined. Thresh- 
old density leyels were used to outline chromosome regions within the defined polygonal areas. Means density levels 
within these outlined chromosome regions, R, were determined by the total signal Jl(x,Y)dR/area R, where /l(x,y) is the 
pixel intensity (0-225) at each point within the region R. The threshold background intensity was subtracted from the 

30 mean regional density, both for labeled chromosome 7 and for background chromosomes. The signal to noise ratio was 
calculated as mean chromosome 7 signal/mean background chromosome signal. 

[0045] The following is a description of the results of the work described above, which clearly demonstrate specific 
labeling of the individual chromosome indicated. The first sections describe use of chromosome library inserts labeled 
with biotin and the second describes use of DNA Insert fragments. 
35 [0046] Figure 2 shows suppression of signals from cross-reacting sequences within a chromosome 7-derived DNA 
library by different concentrations, as described below. 

[0047] Figure 2A shows chromosome 7 library inserts labeled with biotin and hybridized to metaphase spreads 
from normal human lymphocytes without human competitor DNA. Prominent labeling of the two no. 7 chromosomes is 
observed; additionally, a distinct band-like patterns of hybridization is seen on most of the other chromosomes, and two 
40 E-group chromosomes are especially brightly stained. This general chromosomal banding pattern resembles R-band- 
ing, and suggests that a significant portion of the background cross-hybridization signal originates from Alu repetitive 
sequences. Previous studies have shown that Alu sequences delineate an R-banding pattern, while Giemsa positive- 
banding profiles are highlighted by Kpnl interspersed repeats. Manuelidis, L. and CD. Ward, Chrompsoma, 91:28-38 
(1984). 

45 

Estabjishment of expejimentaj procedure to eliminate Jhe hybridization signal from repetitive elemente 

[0048] A series of pilot studies were therefore undertaken to establish experimental parameters to eliminate the 
hybridization signal from such repetitive elements. The kinetics of nucleic acid reassociation in solution are dependent 

50 on the total concentration of nucleic acid (Co, in moles of nucleotides per liter) and the time of renaturation (t, in sec- 
onds). When reassociation conditions are standardized for temperature (taking into account the formamide concentra- 
tion), cation concentration and buffer system, the reassociation kinetics are comparable with respect to Cot values. 
Under defined conditions, the fast reassociating fraction of mammalian genomes containing the highly repetitive DNA 
is completely reannealed at Cot values between 1x10"'' and 5x10"''; the intermediate fraction containing the middle 

55 repetitive DNA is completely renatured at a Cot value of 1 x 10^. Britten, R.J. and D.E. Kohne, Science, 161:529-540 
(1968). Thus at a human DNA concentration of 1.0 mg/ml (corresponding to 3 x 10"^ moles of nucleotide per liter), the 
fast fraction would be renatured in approximately 10s, whereas the middle repetitive DNA would need more than 9 h to 
reach complete reannealing. Since the fast fraction of reassociating DNA containing most or alt of the ubiquitous repet- 
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itive DNA causing cross-hybridization signals, a total DNA concentration of 1 .0 mg/ml was used and partial reannealing 
of the probe mixture was allowed prior to application to specimens. The optimal renaturation time was determined 
empirically (see below). This was important because the in situ hybridization conditions deviate from the standard con- 
ditions under which reassociation kinetics are determined (e.g., hybridization in 50% formamide at 37^C corresponds 
5 to 0% formamide at about 70°C; dextran sulfate also increases the reassociation time significantly). Furthermore, It was 
unclear to what degree the middle repetitive DNA contributed to the non-specific signal and therefore should also be 
prevented from hybridization by a preannealing procedure. 

[0049] The stringency for the reannealing and in situ hybridization experiments was determined in 50% formamide 
at 37°C (adapted from standard in situ hybridization protocols) and 1 X SSC [this cation concentration of 0.165 M 

10 comes close to the concentration used in l^inetics the study of Britten and Kohne. Britten, R.J. and D.E. Kohne, Science, 
161 :529-540 (1968)]. Competitor human DNA was added in the reassociation procedure to obtain the desired final high 
DNA concentration and to maintain a high level of repetition of the DNA sequences that should preanneal. While total 
human genomic DNA represents all the highly repetitive DNA to be removed by pre-annealing, it also contains 
sequences of the target chromosome. Thus, the addition of excessive amounts of human DNA would be expected to 

15 diminish the chromosome-specific signal. Therefore, the optimal concentration of total human DNA to use as the com- 
petitor was first determined. To keep the total DNA concentration constant at 1.0 mg/ml, genomic salmon DNA was 
added as needed. Salmon DNA shares certain repetitive DNA elements, such as poly dCdA in common with human 
DNA, but lacks others, most notably the Alu- and Kpnl repeats. Hamada, H. et al., Pfoc. Natl, Acad.. ScL .USA, 79:6465- 
6469 (1982). This results in a lower frequency of the latter sequences with increasing amounts of salmon DNA in the 

20 reassociation reaction. 

[0050] Figure 2 shows typical experimental results obtained when 20 |ig/ml of the chromosome 7 probe set was 
denatured together with 50 |ig/ml (B), 100 ^ig/ml (C), 200 ^g/ml (D) or 1000 \ig/m\ (E) of DNAse-digested human 
genomic DNA which was preannealed for 20 min. Hybridization and detection using avidin-FITC were carried out as 
described above. From each preparation ten black and white pictures were taken under standardized photographic con- 

25 ditions for densitometric studies (see below). In the absence of human genomic competitor (A) the signal showed little 
chromosomal specificity However, with 50 and 100 ^ig/ml of human competitor DNA, as increase of label specificity is 
readily apparent (Figure 2B,C). Specific staining of chromosome 7 was achieved with a peak of signal intensity using 
100 and 200 |ig/ml of human competitor DNA (Figure 2C, D). Higher concentrations of human DNA caused an apparent 
decrease of signal intensity, especially at 1000 jig/ml human DNA (Figures 2E). However, the signal obtained under 

30 these latter conditions is still reasonably bright to the observer, but requires a different exposure for optimal illustration 
(not shown). 

[0051] A computer-assisted method of quantitative densitometry (see above) was used to establish the overall level 
of labeling specificity. The ratio of fluorescence signal from the target chromosomes of interest to the background fluo- 
rescence noise emanating from non-target chromosomes was determined from Images digitized from multiple photo- 
ns graphic negatives of a DNA titration experiment, as illustrated in Figure 2. The signal-to-noise ratio obtained with each 
concentration of human competitor DNA is given in Table 1. 



Table 1 



50 



Densitometric analysis of the suppression of cross hybridization signals by concentrations of human competitor DNA 


DNA cone. p.g/ml) Human com- 
petitor DNA cone. 


Signal 


Noise 


Signal-to-noise ratio Confidence 
interval (99%) 




Pixel® 




Pixel*^ 






0 


71.48 


8 


54.66 


26 


1.31±0.04 


50 


74.50 


8 


37.43 


28 


1.99+0.07 


100 


162.64 


8 


20.06 


23 


8.11+0.35 


200 


147.35 


8 


20.53 


26 


7.18±0.37 


500 


89.78 


8 


18.63 


21 


4.82±0.28 


1000 


94.37 


8 


30.51 


17 


3.09±0.12 



^ Mean value of pixel intensity of target chromosome 

Mean value of pixel intensity of non-target chromosomes (from the same metaphase spreads) 
^ The confidence interval was calculated using Fieller*s theorem (Finney, D.J.. Statistical methods in biological assay. 2nd 
edn., Hafner Press, N.Y., 1971) 

r\ Number of chromosomes from which the mean was determined 
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[0052] Optima! reannealing conditions for suppression of nonspecific signal (using 20 |xg/ml of chromosome 7 
probe and 1 00-200 ^g/ml human genomic (DNA), gave a signal-to-noise ratio of ca. 8:1 . Additional attempts to improve 
the signal to noise ratio by increasing hybridization stringencies (e.g., 60% formamide or 0.2 x SSC) gave no apparent 
improvement and led to an overall decrease in signal Intensity. 

5 [0053] Since about 100-200 ^ig/ml of human competitor DNA was shown to give the optimal specificity, 200 |ig/ml 
was used for another analysis of signal specificity with respect to the renaturatlon time (see above). After 0, 2, 5, 10, 
20, 40 and 50 min. of preannealing, aliquots were tal^en and used for in situ hybridization experiments as before. As 
indicated in Figure 3, specific labeling was obtained for all preannealing times. A small improvement of the signal is 
seen with increasing renaturatlon times from 0 to 20 min. Longer renaturation times up to 60 min. (not shown) gave no 

10 significant improvement in signal strength or chromosome specificity. The subjective impression of a signal improve- 
ment with 20 min. of preannealing (Figure 3D) could not be confirmed by a densitometric analysis, carried out as 
described above, since no significant differences in the signal-to-nolse ratio of the different preannealing times were 
observed (data not shown). Therefore, the standard renaturation time in ail subsequent experiments was 10-20 min. 
Since a signal is clearly visible at renaturation time 0, the few seconds necessary for transferring the probe mixture to 

15 the microscope slide appear to be sufficient to effectively preannea! many of the sequences that cause nonspecific 
labeling by cross-hybridization. Furthermore, the large excess of single-stranded competitor DNA may efficiently com- 
pete with the biotinylated probe sequences for ubiquitious chromosomal target sites during the hybridization reactions. 
These results demonstrate that the majority of highly repetitive DNA sequences can be sufficiently suppressed to 
achieve chromosome-specific labeling by in situ hybridization. 

20 [0054] In certain cases the signal distribution over the entire chromosome shows some variability from experiment 
to experiment. When the overall signal is decreased, some chromosomal subregions show a brighter staining; these 
signal hotspots generally constitute chromosomal sites that contain known chromosome-specific repetitive sequences. 
In the experiments shown in Figures 2 and 3, predominent staining of the centrometric region of chromosome 7 is seen, 
which corresponds to the chromosome-specific signal of an alphoid repetitive DNA. Waye, J.S. et al., Mol. Cell Biol., 

25 7:349-356 (1987) and see Example 2. Apparently, the abundance of these repeated sequences is sufficiently low to 
prevent their suppression under the conditions used here. The unequal signal distribution can be overcome by amplify- 
ing the overall signal using an antibody sandwich technique as described above. Furthermore, a predominant staining 
of the region 1q12 that corresponds to the chromosomal site of satellite III DNA was frequently obseryed in Labeling 
chromosome 1 . Cooke, H.J. and J. HIndley Nucleic Acids Res., 6:3177-3197 (1979) and Gosden, J.R. et al., Cytogenet. 

30 Cell Genet., 29:32-39 (1981) and see Example 2. An example of the balanced signal distribution seen after such an 
amplification step is shown in Figure 4A. 

[0055] Several commercially available DNA libraries, each representing a single human chromosome, were tested 
for their ability to specifically label the chromospme.they. represented, under the standardized reannealing conditions 
described above and with the probe concentrations adjusted for chromosome size, as described above. Some exam- 
35 pies, for chromosomes 1, 4, 7, 13, 18 and 20, as shown in Figure 4, clearly demonstrate that specific labeling can be 
achieved with most chromosome libraries. Table 2 lists the libraries tested with their relative scores of labeling specifi- 
city. All scores are positive because the chromosome of interest was always decorated. The highest score (4+) is used 
when no significant cross-hybridization to other chromosomes was observed and the scores decrease (3+ to 1+) with 
an increasing amount of cross-hybridizing sequences. 

40 



45 



50 



55 
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Table 2 



5 


Relative quality of specific chromosome labeling In situ using prean- 
nealed blotinylated library DNA inserts 




Chromosome 


Library used (ATCC des- 
ignation) 


Relative specificity of in 
situ hvbridization sianal^ 




1 


LA01NS01 


3+ 


10 


4 


LL04NS01 


4+ 




7 


LA07NS01 


4+ 




8 


LL08NS02 


4+ 


15 


13 


LA13NS03 


1 + 




14 


LL14NS01 


2+ 




18 


LL18NS01 


4+ 




20 


LL20NS01 


4+ 


20 


21 


LL21NS02 


3+ 




22 


LA22NS03 






X 


LA0XNL01 


4+ 



25 ® See the text for score definition 

^ Under standard preannealing conditions the chromosome 22 library 
gave a score of +1 ; a value of +3 was achieved only with a human com- 
petitor DNA concentration ^700 ^ig/ml (total DNA concentration 1.0 
mg/ml). 



30 

[0056] All attempts to reduce the additional signals on other chromosomes by varying the experimental conditions 
failed except in experiments with chromosome 22; in this case higher concentrations of human competitor DNA (700 
[ig/ml) resulted in a significant improvement of signal specificity. The library exhibiting the lowest chromosome specifi- 
city was the chromosome 13 library (Figure 4E). Multiple minor binding sites on other chromosomes, as well as an 
35 exceptionally bright staining of Yq12 were observed; the signal on the Y chromosome was visible using either female 
or male human DNA as the competitor. None of the experimental parameters tested improved on the overall specificity 
of this library. 

[0057] Remarlcably, a weak signal or even absence of signal can be observed at the centromeric region of some 
chromosomes (see chromosomes 4 and 1 8, Figure 4C,D). In contrast to chromosomes 1 and 7, which contain chromo- 
40 some-specific repetitive elements, the centromere regions of chromosomes 4 and 18 apparently contain repetitive 
sequences, most likely alphoid satellite DNAs, which are very abundant and thus are suppressed by the reannealing 
technique. However, these chromosomal regions are very small and the effect can only be observed when the corre- 
sponding chromosomes are ^irly elongated. 

[0058] Biotinylated total library DNA (containing the phage vector sequences) was also used as probes, In concen- 
45 trations adjusted to the amount of human DNA inserts, (see above). One example is shown in Figure 4F with the chro- 
mosome 20 library. Although good staining of the chromosome of interest generally was achieved, significant 
nonspecific background on the entire slide was a common problem. Similar results were obtained with plasmid libraries 
containing human DNA subcloned from the lambda phage libraries. In contrast, there was no background problem with 
the total chromosome library LA0XNL01, which contains a significantly smaller proportion of vector sequences in the 
50 probe mixture since the size of the human DNA inserts is much larger. 

[0059] The suppression of repetitive sequences by this reannealing technique also permits the use of flow-sorted 
chromosome libraries to detect chromosomal domains within interphase nuclei. Typical examples of results obtained 
after hybridization of chromosome 1, chromosome 7 and chromosome 18 probe sets to normal human lymphocytes 
after acetic acid-methanol fixation are shown in Figure 5. Discrete focal domains of hybridization signal are seen with 
55 all libraries that had scores of 2+ or more (see Table 2). 

[0060] Most nuclei (n > 1 00 per estimate) exhibited two domains (60%-70%); however, a significant number showed 
only a single domain (20%-30%) or no hybridization signal at all (5%-10%). Accordingly, ca. 95% of male nuclei exhib- 
ited one and ca. 5% showed no hybridization signal when the X chromosome library DNA was used as probe. Notably. 
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no nuclei with three domains were found with any of the chromosomal probe sets tested. In contrast, all metaphase 
spreads showed the decoration of both chromosome homologs without exception. This interphase variability may 
reflect, in part, the close juxtaposition of two individual domains in some cells, or the inability to resolve domains that 
actually occupy different areas within the nuclear volume but are unresolved when examined by two-dimensional Imag- 

5 Ing methods (see Fig. 5D; for discussion see also Cremer et aL, Exp. Cell Res., 176:199-220 (1988). The small number 
of nuclei exhibiting no hybridization signal may be a reflection of suboptimal hybridization conditions. It is of interest to 
note that the size of the intranuclear domains correlates reasonably well with the relative size of the cognate metaphase 
chromosome. These observations provide a definitive proof that the DNA of individual chromosomes exhibits a clear 
territorial organization in the interphase nucleus of a normal human cell. 

10 [0061] Acetic acid-methanol fixed nuclear spreads, such as those shown in Fig. 5, clearly retain the territorial 
organization for each of the chromosomes examined; however, the nuclear structure is not optimally preserved. Addi- 
tional studies with specimens that possess better preservation of 3-D structure using paraformaldehyde fixed human 
diploid fibroblasts and a laser-scanning confocal fluorescence microscope assembly for 3-D image reconstruction have 
been done. The cells were fixed and permeabllized as described by Manuelidis and hybridized with chromosome library 

15 probes as outlined above. Manuelidis, L., Am, NY Acad, Sci^. 450:205-221 (1985). The probe-competitor DNA mixture 
was applied directly to the slide and denatured at the same time as the cellular DNA. Results showed the arrangement 
of the chromosome 7 domains in the nucleus and the frequently observed helical structure of labeled chromatic within 
chromosome domains. The degree to which this helicity reflects true domain substructure or Is an artifact reflecting 
preparation and fixation procedures is currently being Investigated. Nevertheless, this preliminary observations estab- 

20 llshes the feasibility of using chromosome specific probes to analyze the topography of chromosomal domains in the 
interphase cells. 

EXAMPLE 2 Detection of Chromosome Aberrations in Tumor CelJs_by_CISS.Hy_bridizatioAysjngChro^^^ 
Library Probes 

25 

Cells 

[0062] TC 593 is a pseudotetraploid cell line (modal chromosome number, 83) established from a human glioblas- 
toma; It grows In a flat, spreading fashion and contains many process. TC 620 is pseudotriploid with a modal chromo- 

30 some number of 64 and was established from a human oligodendroglioma; it grows in an epithelial fashion. Both cell 
lines have been described in detail. Manuelidis. L. and E.E. Manuelidis, In: Progress, in. Neuropathology, Vol. 4, 235- 
266. Raven Pre^s, N.Y (1979). The present experiments made use of subclones C2B (TC 593) and C2B (TC 620) at 
approximately 180 passages after repeated subcloning from a single cell of the original tumor line cultured as previ- 
ously described by Manuelidis and Manuelidis (see reference above). Standard hypotonic treatment and acid/methanol 

35 fixation of the cells were employed. Cremer et aL. Exp. Cell.. Re.s.. 176:199-220 (1988). 

DNA Probes and Libraries 

[0063] Phage DNA libraries from sorted human chromosomes were obtained from the American Type Culture Col- 
40 lection: LA01NS01 (chromosome 1), LL04NS01 (chromosome 4), LA07NSO1 (chromosome 7), LL18NS01 (chromo- 
some 18) and LA22NS03 (chromosome 22). Amplification of these libraries, isolation of human DNA Inserts and 
biotinylation were carried out as described in Example 1 . A probe specific for alphoid repeats on chromosome 7 (pa7tl) 
was the gift of H. Willard and specifically decorates pericentromeric heterochromatin of chromosome 7 under high strin- 
gency conditions (60% formamide). Waye et al., MpL.CelL.BIoL, 7:349-356 (1987); Cremer et aL Exp.. CelL.Res^, 
45 .176:199-220 (1988). Some DNA probes were modified with aminoacetylfluorene (AAF); and detected as described by 
Cremer et al. for double labeling experiments. Landegent et aL, Exp. Cell Res^, 153:61-72 (1984); Cremer, R, et al.. 
.Exp, Cell Res^, 176_:199-220 (1988). 

In Situ Hybridization and Detection of Hybridized Prol)es 

50 

[0064] CISS hybridization with blotinylated library DNA Inserts and detection of hybrid molecules was generally car- 
ried out using standard conditions, as described in detail in Example 1. In double CISS hybridizations using blotinylated 
chromosome 7 library DNA inserts and the AAF-modified 7 alphoid probe, the latter probe was heat denatured sepa- 
rately and only added to the hybridization mixture at the end of the reannealing step at a final concentration of 10 jxg/ml 
55 (see Example 1). 
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pigitaljmage Analysis of Specjficaljy Decorated Metaphase and Interphase, Chromosome 

[0065] A VAX station ll/GPX graphics workstation (Digital Equipment Corporation) with an ITEX FG 100-Q frame 
grabber (Imaging Technology) were used as previously described together with a Zeiss S-Planar 60 mm lens and a 

5 Dage-MTI 65 video camera. Manuelidis, L. and J. Borden, Chrornosoma, 96:397^10 (1988). Images were digitized 
from negatives of metaphase spreads and interphase nuclei; the background was removed and polygonal regions were 
defined to specifically decorated metaphase chromosomes or interphase domains (see Example 1). A scan line algo- 
rithm was used to calculate histograms within the polygonal regions. Since the value of the histograms H(l) of a partic- 
ular intensity (range 0-255) within the defined regions is the number of pixels at that intensity i, the area within the region 

10 falling within an intensity range io-i^ is the integral of the histogram from \q-\^. Similarly, the 2-D integral in the region 
defined by the intensity range io-ii equals I H(i).i.io was chosen for each hybridization, in order to properly outline the 
decorated chromatin and distinguish this area from background regions, i^ was set to the maximum value 255 in order 
to capture the entire intensity range above the threshold. 

[0066] Measurements of total signal intensity versus area were designed as a control for the potential presence of 
15 variable chromosome domain extension within interphase nuclei. In interphase, a more extended chromosome domain 
might be expected to have a greater area (or volume) yet a lower fluorescence signal intensity per unit area. If a con- 
stant amount of hybridized DNA corresponds to a constant total fluorescence, the total signal intensity is a measure of 
labeled DNA content. It is also possible to measure 3-D hybridized volumes within nuclei and 3-D integrated total 
hybridized signals. Manuelidis, L. and J. Borden, Chrornosoma, 96:397-410 (1988). The background, b, was subtracted 
20 from the discrete 2-D integral JJl(x,y)dA within a labeled region R, to yield the total signal: 

Sigt=lll{x,y)dA-bJ|dA. 

where dA is a single pixel. Similarily, the mean intensity within the region is calculated as 2-D integral/area or 
25 l|l(x.y)dA/ndA. 

[0067] The following is a description of the results, with reference to the appropriate figures, of the work described 
above. They clearly document structural and quantitative changes in the human glioma lines, including loss and gain of 
entire individual chromosomes and of chromosomal subregions. They also show that it has been possible to character- 
ize both minor and predominant karyotypic features in each cell line. All chromosomes tested to date (i.e., 1, 4, 7, 18 

30 and 22) clearly highlighted numerical and/or structural aberrations, some of which were subtle. 
[0068] Detection of numerical and structural chromosome at>errations In metaphase spreads. 
[0069] Figures 6-8 and 12 show typical metaphase spreads from the malignant glioma cell lines TC 620 and 593 
after CISS hybridization with biotinylated DNA inserts from each of the human chromosomes 1, 4, 7, 18 and 22. Hybrid- 
ized inserts were detected with avidin fluorescein Isothiocyanate conjugates (FITC) and cells were counterstained with 

35 4.6-diamidino-2-phenylindole dihydrochloride (DAPI). Chromosomes designated as "complete" had an apparently nor- 
mal size, centromere index and DAPI staining pattern. Despite this designation, these complete chromosomes may 
contain fine structural aberrations only detectable by additional investigations (see below). Apparently complete chro- 
mosomes 1, 4, 7, 18 and 22 were observed in both TC 620 and TC 593. Additionally other homologs of these chromo- 
somes showed significant rearrangements and abnormalities, including translocations and deletions. The predominant 

40 numerical and structural aberrations delineated In each of these cell lines are described below. A minimum of 25 good 
metaphase spreads were evaluated for each glioma line and for each chromosome. These data are summarized in Fig. 
9. 

Chrompsonrie 1 

45 

[0070] In TC 620, the oligodendroglioma line, chromosome 1 1nserts decorated two apparently complete 1 chromo- 
somes and two marker translocation chromosomes (Figs. 6A, 68, 9). One marker was metacentric and contained an 
entirely decorated 1q arm, but its p arm was from another chromosome (of unknown origin). The other marker chromo- 
some was submetacentric and showed a small segment from another chromosome attached to the 1p arm. In both 

50 marker chromosomes breakpoints were localized close to the centromere in 1 pi 1 or 1 q1 1 . The identification of the 1 p 
segment was established by DAPI banding (Fig. 68). by 5'-bromo-2'-deoxyuridine (BrdU) banding, and by hybridization 
with a 1p36.3 probe (data not shown); the 1p36.3 probe additionally revealed deletion of this subregion in one of the 
apparently complete 1 chromosomes. The overall picture was of a nearly trisomic representation of chromosome 1 , with 
a common breakpoint, and subsequent translocation. 

55 [0071] In TC 593, the glioblastoma line, an even more complex pattern of numerical and structural chromosome 1 
aberrations was observed. In a sample of 50 metaphase spreads, the majority (52%) showed six aberrant chromo- 
somes that were decorated; 14% of the metaphases showed five aberrant chromosomes, and 34% showed higher 
numbers of chromosomes 1 segments (up to 14). Figures 6C. D and 9 show the most typical, predominant karyotype 
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and demonstrates the rapid definition of chromosome 1 abnormalities in this cell line. Aberrations included three acro- 
centric chromosomes with a consistent breakpoint in 1 p1 , chromosomes with a deletion of the distal park of 1 q, a sub- 
metacentric translocation chromosome with a loss of the complete 1q, and an iso(lp) marker chromosome (see Fig. 9). 

5 Chrqmospme_4 

[0072] In TC 620. chromosome 4-specific inserts decorated one apparently complete chromosome 4, and three 
additional chromosomes with segments containing chromosomes 4 DNA (Figs. 7F, 9). These latter segments on trans- 
location chromosomes would have been difficult to rapidly and unambiguously define with banding procedures alone. 

10 The smallest of the translocated chromosome 4 segments formed part of an approximately metacentric chromosome. 
The two larger segments were found on submetacentric chromosomes of different overall size. In the smaller chromo- 
some, the short arm and part of the long arm of 4 were present with an apparent breakpoint at 4q2, i.e.. 4pter-4q2. In 
the larger submetacentric chromosome, a region that may represent the rest of 4 (4q2-qter) appears. Thus the predom- 
inant karyotype of TC 620 showed only slightly more than two equivalents of chromosomes 4 (see also the area meas- 

15 urements described below). The non-4 regions have not been further defined. 

[0073] In TC 593, there were generally only two chromosomes decorated by chromosomes 4 DNA inserts, and 
both of these were compatible with normal 4 chromosomes. Approximately 30% of the metaphase spreads in TC 593 
showed an additional submetacentric chromosome with chromosome 4 material (Fig. 7E). Thus, although both 4 chro- 
mosomes were apparently normal, there was a significant under-representation of this chromosome in this pseu- 

20 dotetraploid line (Fig. 9). 

Chrgmpsome 7 

[0074] Three complete 7 chromosomes, and one smaller metacentric chromosome containing translocated 7 mate- 
25 rial were typically found in TC 620 metaphase spreads (Figs. 8A, 9). The translocated chromosome 7 material included 
the short arm of chromosome 7 (as shown by DAPI banding; cf. Fig. 8B) and the perlcentromeric heterochromatin with 
the breakpoint in 7q1 (see also below). 

[0075] In TC 593. five chromosomes entirely decorated by chromosome 7 insert probes were regularly observed 
(Figs. 7G, 8E). Four of these appeared to represent complete number 7 chromosomes, whereas one was smaller and 

30 metacentric. DAPI banding (Fig. BE. insert) and size measurement (cf. Fig. 13) were consistent with an iso(7p). This 
conclusion was further supported by double in situ hybridization experiments with biotinylated chromosome 7 inserts 
(detected with avidin FITC) and chromosome 7-specific alphoid AAF labeled sequences (detected with tetramethyl- 
rhodamine isothiocyanate (TRITC) conjugated second antibodies). They showed that only the four complete 7 chromo- 
somes, contained a detectable 7 centromeric signal (metaphase. Fig. 7G,H; interphase. Fig. 71, J). Thus, the iso(7p) 

35 marker chromosome did not have a characteristic centromeric region as it lacked both the 7 alphoid sequences and a 
small block of heterochromatin at 7q1 1 (see Fig. 8E, insert). In contrast, all four 7 chromosomes of TC 620 were labeled 
with the 7 alphoid probe (data not shown). 

p.hrpmosome 18 

40 

[0076] In TC 620, two apparently complete 18 chromosomes and a truncated minute chromosome were entirely 
decorated (Figs. 8C, D, 9). This truncated chromosome is 18q- (and possibly also 18p-). The rest of the chromosome 
1 8 region(s) was never detected . 

[0077] Three translocation chromosomes involving chromosome 18 material were typically detected, in addition to 
45 an apparently normal chromosome 18 in TC 593 metaphase spreads (Figs. 8F, G, 9). In a minor proportion of met- 
aphases there was a small additional translocation observed. The exact chromosomal region from which this translo- 
cated 18 material derived could not be resolved by DAPI staining. The predominant karyotype for 18 is therefore close 
to tetrasomic in this cell line, but is under-represented in the pseudotriploid TC 620. 

[0078] Both the 18q-marker chromosome in TC 620 and the three translocated 18 chromosomes in TC 593 hybrid- 
50 ized strongly to a chromosome 18-specific alphoid repeat. Accordingly, both intact and aberrant 1 8 chromosomes could 
also be counted after in situ hybridization with this centromeric probe. Cremer, T. et aj., E_xp._Cell _Res^, 176:199-200 
(1988) (see also below). DAPI banding and hybridization to 18-specific alphoid repeats indicated that these transloca- 
tion chromosomes include the entire 18q region and the centromere, with breakpoints in 18p. 

55 Chromosome 22 

[0079] Two apparently normal 22 chromosomes were visualized in most TC 620 and TC 593 metaphase spreads 
(Fig. 10E). It was difficult to ascertain small translocations of this chromosome since hybridization with chromosome 22 
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inserts resulted in some cross-hybridization to other chromosomes. Some of this cross-hybridization is probably due to 
shared sequences from the nucleolus organizer regions (on five normal acrocentric human chromosomes) and to 
shared sequence motifs at the centromeres. McDermid, H.E. et aj., Chrompsoma, 94:228-234 (1986) and see Example 
1 . Finally, it should be noted that in constrast to conventional banding analysis, the current experimental approach 
5 clearly delineates numerical and structural chromosome aberrations in metaphase spreads of very poor quality (Fig. 
10G, H) or in early prophase nuclei (Fig. 10A), These preparations are not accessible to banding analysis, as the chro- 
mosomes extensively overlie each other. 

Eyatuatjon of .Chromosome Domains Jn Inte/phase.NucjeJ 

10 

[0080] One potential advantage of in situ methods is that individual human chromosomes may be directly visualized 
as discrete territories in interphase nuclei and thus can be of value in the analysis of solid tumor speciment. Manuelidis. 
L., Hum.. Genets, 71:288-293 (1985); Schardin, M. et.aj., Hum. Genet, 71:281-287 (1985); Pinkel. D. et aJ.. Prpc. Natl, 
Acad.. Sci, USA, 83:2934-2938 (1986). This feature of nuclear topography, also apparent in the malignant cells exam- 

15 ined here (Figs. 7A-D, I, 10B-F), was evaluated for its accuracy and diagnostic usefulness. Figure 10A shows three 
apparently complete 7 chromosomes and one translocated 7p arm in a prophase TC 620 nucleus. Figures 3, and 10B 
show five chromosome 7 domains in interphase nuclei of TC 593, as previously depicted in metaphase spreads. Figure 
IOC shows a TC 620 interphase nucleus with two 18 domains of comparable sizes to those seen in normal diploid 
nuclei (see Example 1). A third, appreciably smaller, decorated 18 domain was also detected and represents the trun- 

20 cated 18 chromosomes seen In metaphase spreads described above. Figure 10D shows four chromosome 18 domains 
in an interphase nucleus of TC 593, which again is comparable to the numbers in metaphase nuclei. Figure 10E shows 
a TC 620 interphase nucleus with four chromosomes 1 domains, while Figure 10F shows a TC 593 nucleus with at least 
five separate chromosome 1 domains (compare Fig. 6A, B and C,D, respectively). 

[0081] While the hybridization patterns of nuclei shown in Figure 10 were highly characteristic for each cell line. 

25 counts of interphase chromosome domains have some inherent difficulties. As an example, Fig. 1 1 A (dark columns) 
presents an analysis of the counts of labeled interphase domains in randomly selected nuclei of diploid human lym- 
phocytes hybridized with 7 library inserts. Although the number and relative size of chromosome specific domains can 
be accurately assessed in the majority of nuclei, not all nuclei present a reliable index of the chromosomal constitution, 
since a considerable fraction of nuclei reveal only one decorated domain and occasional nuclei show no signals. Fur- 

30 thermore all domains are not always cleared separable in these 2-D preparations. 

[0082] Figure 1 1 shows representative counts of these preparations. In agreement with TC 593 metaphase counts 
of chromosome 4. nuclear counts generally showed two clearly separated domains (Fig. 1 1 E). However, the percent- 
age of two-signal preparations was smaller in interphase than in metaphase (45.3% vs. 64%). This artifactual decrease 
was largely due to a con-esponding increased percentage of nuclei showing only one decorated domain or no signal at 

35 all. Counts of zero or one domain were not present in metaphase spreads. Significantly, 19.3% of the interphase TC 
593 nuclei displayed three clearly separated chromosome 4 domains, and these extra domains were not present in 
interphase nuclei of diploid human lymphocytes hybridized to this or other libraries under the same conditions (Fig. 1 0A; 
Example 1). Finally, the ratio of two versus three domains was identical for both metaphase and interphase cells. Thus 
interphase nuclei can be reliably used for the detection of extra copies of a single chromosome or chromosomal seg- 

40 ment but have limited reliability for detecting the loss of chromosome copies. 

[0083] In situ hybridization of probes from subregions of interphase chromosomes may more accurately reflect 
general counts of chromosomal constitution than library probes (Fig. 1 1 A), provided they are done under appropriately 
high stringency conditions Rappold, G. et aL, Hum. Genet,, 67:317-325 (1984); Cremer. T. et al.. Hum. Genet., 74:346- 
352 (1986); Cremer, T et aK, Exp._Cell_Res^, 176:199-220 (1988). However, such regional segment probes do not delin- 

45 eate translocated elements or aberrant chromosomes that lack this segment. Therefore such probes are also not 
entirely accurate. For example, counts of chromosomes 1 in TC 620 and TC 593 with a probe specific for 1q12 indicated 
fewer 1 chromosomes than shown here with CISS hybridization (Fig. 9). Cremer, T. et aL, Exp._CelLRes^, 176:199-220 
(1988). Counts of chromosome 7 using only a centromeric sequence further emphasize this point (see above). Double 
in situ hybridization with the AAF-modified 7 alphoid probe and biotinylated chromosome 7 library inserts typically 

50 showed interphase nuclei with five domains, of which only four were simultaneously labeled by the centromeric probe 
(Figs. 71, J, 11C). In TC 620, however, both probes gave identical results (Fig. 11B). 

Oyer.Representatipn and Under Representation of Specific Chrpmpspmes 

55 [0084] The relative chromosomal dosage in these glioma lines, was also assessed with particular interest in chro- 
mosome 7, which has been noted to be generally over-represented in gliomas. Bigner, S.H. et aL, Cancer Genet^ 
Cytogenet_. 29:165-170 (1986); Shapiro, J.R., Semin. QncpL, 13:4-15 (1986). For comparison, other individual chromo- 
some probes were used as controls. Metaphase chromosomes counts have shown that TC 620 is pseudotriploid with 
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a modal number of 64 chromosomes, while TC 593 is pseudotetraploid with a modal number of 83. Manuelidis, L. and 
Manuelidis, E.E., IN: Progessjn Neuropathoipgy, Vol. 4, pp 235-266, Raven Press, N.Y (1979). Accordingly, a chromo- 
some and its segments together would be present in a balanced state if three complete copies were present in TC 620, 
and four in TC 593. 

5 [0085] A relative over-representation is present if more than these respective copy numbers can be demonstrated. 
A number lower than the expected (trisomic or tetrasomic) value indicates that the chromosome is relatively under-rep- 
resented in the karyotype. In cases where additional DAPI banding information was sufficient to define the selectively 
decorated abnormal chromosome, the chromosome pieces labeled by the chromosome-specific inserts were put 
together for analysis (Fig. 9). In the second approach, computer analyses were used to independently verify these 

10 results (see below). 

[0086] TC 620 analyzed by banding showed the equivalent of three 1 chromosome and thus indicated a balanced 
state for this chromosome; The same was true for the 1 p arm in TC 593 which was present in four copies. However, the 
distal part of 1q was under-represented in TC 593 (see the detailed description given above). In both glioma lines, 7q 
appeared to be balanced, while 7p was over-represented once in TC 620 and twice in TC 593. Additionally, in both gil- 
ts oma lines chromosomes 22 was clearly under-represented. In order to confirm this finding, double in situ hybridization 
with inserts of chromosomes 7 and 22 was performed. An example of this is shown in Fig. 12 and demonstrates over- 
representation of 7 DNA and under-representation of 22 DNA in the same cell. Metaphase counts done in both cell lines 
by this method of analysis are depicted for chromosome 7 in Fig. 1 1B. C (dark column) and for chromosome 22 in Fig. 
1 1E. In summary, these two gliomas both show relative under-representation of chromosome 22 and over-representa- 
20 tion of the 7p arm. The significant under-representation of chromosome 4 in TC 593. and a portion of 4 in TC 620 is 
also notable. 

[0087] Digitized images were also used to quantitatively measure decorated areas in metaphase preparations and 
in interphase cells where chromosomal domains were well resolved. Quantitative evaluation of chromosome equiva- 
lents (Table 3) indicated highly concordant numbers for interphase versus metaphase in 5 of 6 examples; only in TC 
25 593 decorated with 18 inserts was there a discrepancy. This may be due to the small sample size. 

Table 3, 

[0088] Twenty-four metaphase spreads showing the predominant number of chromosomes decorated with DNA 
30 inserts from libraries of chromosomes 4, 7 and 1 8 were compared to twenty-eight interphase nuclei with well-separated 
domains using the same probes. Images were taken under identical (linear film) conditions and digitized. In each met- 
aphase spread, areas obtained for each normal and aberrant chromosome were divided by the mean area obtained for 
n apparently complete chromosomes. In interphase nuclei, domains were compared assuming that the largest n- 
labeled domains represented complete (normal) interphase chromosomes. Thus the sum of these normalized values 
35 represents a measure of the number of specific chromosomes equivalents in a single cell. The mean values of several 
cells are shown for each case. The mean numbers of chromosomes equivalents obtained for interphase and met- 
aphase cells show a strong overall correlation coefficient of r = + 0.95. Compared with area measurements, the mean 
numbers of chromosomes equivalents determined by 2-D intensity integrals (See above) showed an overall correlation 
coefficient of r = + 0.99. 

40 



Table 3. 



Mean number of chromosome equivalents measured by digital image 
analysis in malignant glioma ceil lines after CISS hybridization 


Chromosome 


Cell Line 


Chromosome equivalents 






Interphase 


Methaphase 


Expected 


4 


TC593 


2.0 


2.0 


4.0 




TC620 


2.5 


2.4 


3.0 


7 


TC593 


4.4 


4.6 


4.0 




TC620 


3.5 


3.3 


3.0 


18 


TC593 


3.0 


3.6 


4.0 




TC620 


2.5 


2.3 


3.0 



EP 0 444 115 B2 

[0089] Chromosome equivalents derived from digital image analysis independently confirm the relative represen- 
tation of target chromosomes noted in both glioma lines by DAPI banding. The segments that comprise the total met- 
aphase signal are further detailed graphically in Fig. 13. Computer analysis was especially useful in cases where the 
breakpoints involved in translocated segments could not be unambiguously defined. They were also of value in a quan- 
5 titative assessment of interphase-metaphase correlations, and of normal and aberrant chromosomes with distinctly dif- 
ferent sizes. 

EXAMPLE 3 Rapid ^Detection of Human Chromosome, 21 Aberrations By ]n Situ Hybndjzjatipn 
10 DNA Probes 

[0090] All plasmids contain inserts of human chromosome 21 that were mapped to 21q22.3. Moisan, J.P., Mattei, 
M.G., Baeteman-Volkel, M.A., Mattei, J.R, Brown, A.M.C., Garnier, J.M., Jeltsch, J.M., Masiakowsky, P., Roberts, M. & 
Mandel, J.L (1985) Cytogenet. Cell Genet. 40, 701-702 (abstr.). Tanzi, R., Watkins, R, Gibons, K., Faryniarz, A., Wal- 

15 lace, M.. Hallewell, R., Conneally, RM. & Gusella, J. (1985) Cytogenet. Cell Genet. 40, 760 (abstr.). Van Keuren, M.L. 
Watkins, RC. Drabkin, H.A., Jabs, E.W., Gusella, J.R & Patterson, D. (1986) Am. J. Hum. Genet. 38, 793-804. Nakai, 
H., Byers, M.G.. Watkins. PC, Watkins, PA. & Shows, TB. (1987) Cytogenet. Cell Genet. 46, 667 (abstr). Munke, M.. 
Foellmer. B.. Watkins. PC, Cowan. J.M., Carroll. A. J.. Gusella, J.R & Fracke, U. (1988) Am. J. Humm. Genet. 42, 542- 
549. All inserts were either known or verified by Southern biot analysis to be single-copy DNA: the plasmids other than 

20 pS2 are subclones derived from a X phage library or a cosmid library. Van Keuren, M.L., Watkins, PC, Drabkin, H.A., 
Jabs. E.W., Gusella. J.R & Patterson, D. (1986) Am. J. Hum. Genet. 38, 793-804. Masiakowski. R, Breathnach. R., 
Bloch, J., Gannon, R, Krust, A. & Chambon, R (1982) Nucleic Acids. Res. 10, 7895-7903. Watkins, PC, Tanzi, R.E. 
Gibbons, K.T., Tricoli, J.V., Landes. G., Eddy, R., Shows, TB. & Gusella, J.R (1985) Nucleic Acids Res. 13, 6075-6088. 
Watkins, PC. Watkins, PA., Hoffman, N. & Stanislovitis, P (1985) Cytogenet. Cell Genet. 40, 773-774 (abstr). The plas- 

25 mids are listed in Table 4 with the Human Gene Mapping Workshop symbols and the approximate insert fragment 
length. Kaplan, J.C. & Carrit. B. (1987) Cytogenet. Cell Genet. 46, 257-276. 



Table 4. 



30 


Plasmids with inserts from 21q22.3 




Plasmid 


Insert length kb 




Plasmid 


Insert length kb 




BCEI 


pS2 (23) 


0.6 


D21S56 


PPW520-10R 


4.6 


35 


D21S3 


PPW231F 


0.8 




PPW520-11R 


1.8 






pPW231G 


0.7 


D21S57 


PPW523-10B 


6.5 




D21S23 


pPW244D 


1.0 




pPW523-1H 


7.0 




D21S53 


PPW512-6B 


3.0 




PPW523-5R 


2.2 


40 




PPW512-8B 


3.8 




PPW523-10R 


3.8 






pPW512-1H 


2.9 




pPW523-19R 


2.5 






PPW512-16P 


2.7 


D21S64 


PPW551-8P 


1.9 


45 




PPW512-18P 


1.6 




PPW551-12P 


4.2 






PPW512-4R 


4.7 


D21S71 


PPW519-10P 


0.8 






PPW512-12R 


2.0 




PPW519-11P 


3.0 




D21S55 


pPW518-4H 


1.6 




pPW519-1R 


6.0 


50 




PPW518-10P 


2.9 




PPW519-8R 


2.9 






PPW518-5R 


5.2 




PPW519-9R 


1.7 




021 S56 


PPW520-5B 


5.0 




PPW519-14R 


4.0 


55 




PPW520-6B 


1.0 




PPW519-22R 


1.8 



[0091] Preparation of plasmid DNA was according to standard protocols. Maniatis, T, Fritsch, E.R & Sambrook, J. 
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(1982) Molecular Cloning: A Laboratory manual (Cold Spring Harbor Lab., Cold Spring Harbor, NY). Various probe sets 
were obtained by pooling plasnnids (equal molar amounts), resulting in DNA probe complexities of 95 kb (all plasmids 
listed). 75 kb (plasmids labeled with an asterisk), or 29 kb (plasmids labeled with a dagger). 

[0092] The human chromosome 21 genomic library LL21 NS02 was obtained from the American Type Culture Col- 
5 lection and amplified on agar plates as recommended. Phage DNA was prepared and digested wlih Hindlll, and the 
DNA inserts were separated from the vector arms by preparative gel electrophoresis in 0.6% agarose. DNA was iso- 
lated from gel slices by electroelution; purified by Elutip-d chromatography (Schleicher & Schuell); extracted with phe- 
nol/chloroform, 1:1 (vol/vol); and precipitated with ethanol. 

10 Human Cells 

[0093] Metaphase spreads and interphase nuclei were prepared from (i) lymphocyte cultures of normal (46, XY) 
individuals, (ii) lymphocytes of Down syndrome (47, +21) individuals, (iii) chorionic villi samples cultured for prenatal 
diagnosis (ii and iii were provided by T. Yan-Geng, Yale University Cytogenetics Laboratory), and (Iv) cultures of TC620. 
15 an oligodendroglioma-derived pseudotriploid cell line. Manuelidis, L. & Manuelidis, E.E. (1979) in Progress in Neuropa- 
thology, ed. Zimmerman, H.M. (Raven, Press New York), Vol. 4, pp. 235-266. Standard techniques of colcemid treat- 
ment, hypotonic treatment, and methanol/acetic acid fixation were used. Biopsy material from the cortical region of a 
"normal" human brain (46, XX) was fixed, sectioned, and permeabilized as described. Manuelidis, L. & Borden. J., 
Ghrompsoma, 96:397-410(1988). 

20 

in situ iHybridjzation 

[0094] Various combinations of plasmid DNA, labeled with Bioll-dUTP by nick-translation, were used for hybridiza- 
tion at concentrations ranging from 2 to 15 |ig/ml depending on the poo! size. Brigati, D.J., Myerson, D. Leary, J. J., Spal- 

25 holz, B., Travis, S.Z., Fong, C.K.Y. Hsiung, G.D. & Ward, D.C. (1983) Virology 126,32-50. For example, 15 [ig/ml was 
used when the probe mixture contained 94 kilobases (kb) of insert DNA; the probe concentration was decreased in pro- 
portion to the sequence complexity of the probe mixture. The size of the probe DNA was adjusted to a length of 150- 
250 nucleotides empirically by varying the DNase concentration in the nick-translation reaction. The hybridization cock- 
tail also contained 50% formamide, 0.30 M NaCI, 0.03 M sodium citrate (pH7), 10% (wt/vol) dextran sulfate, and on 

30 occasion 0.5 mg of sonicated salmon sperm DNA per ml. Simultaneous denaturation of probe and target DNA was car- 
ried out at 75°C for 6 min (metaphase spreads) or 94**C for 1 1 min (tissue slices). Hybridization reactions were incu- 
bated at 37°C overnight. 

[0095] Delineation of individual chromosomes with DNA probes derived from sorted human chromosomes was 
done by (CISS) hybridization as described above. Briefly, biotinylated chromosome 21 library DNA inserts (5^g/ml), 
35 DNase-digested human genomic DNA (200[ig/ml), and salmon sperm DNA (800^g/ml) were combined in the hybridi- 
zation solution, heat-denatured, and partially prehybridized for 10-30 min at 37''C before application to a separately 
denatured specimen. 

[0096] Posthybridization washes, detection of hybridized probe by using either alkaline phosphate-conjugated avi- 
din or fluorescein isothiocyanate-conjugated avidin. and photographic conditions were as described in Example 1. 
40 When probe sets containing 29 kb or less of target sequence were used, the fluorescein isothiocyanate detection was 
generally enhanced by one cycle of signal amplification as described in Example 1. 

[0097] All quantitative analyses of interphase signals were carried out by using slides from several independent 
experiments, with more than 100 nuclei being analyzed per slide. Comparison of signals in normal and trisomic sam- 
ples was done in a blind-study fashion. 
45 [0098] This work demonstrated that CISS hybridization, under the conditions described, resulted in rapid detection 
of numerical and structural aben^ations of chromosome 21 in both metaphase and interphase cells. 

Use of Cloned DNA Fragments From Human Chromospme.2J_tpSpecificaJly Label C^^ LyTphocyte.Met: 
aphase Spreads and. Intejphase.NucJei 

50 

[0099] The maximal amount of unique sequence DNA in the probe set was ca94 kb; this probe set resulted in a 
cleariy visible labeling of the terminal region of both chromatids of the chromosome 21 homologs (see Fig. 14B). These 
signals were seen unambiguously and without exception in all metaphase spreads, even in spreads of poor quality or 
from prophase cells (not shown). In normal interphase cells, the majority (65-75%) of nuclei exhibited two signals (see 
55 Fig. 14C), 25-30% showed one signal, and less than 5% showed no signal. Nuclei with three signals were found only 
rarely (<0.2%) and may reflect incomplete hybridization to a few tetraploid cells in the sample. Similar results were 
obtained with probe sets containing 29 or 75 kb of DNA. With probe sets containing fewer than 20 kb of insert DNA. 
there were increased numbers of cells with less than two signals. Thus, these probe sets were deemed unsuitable for 
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diagnostic purposes. However, sucli probes still yielded specific signals on the majority of chromosomes 21, even with 
a 6-kb single-copy DNA (see Fig. 14A), especially when signal amplification was used. 

Use of chrpmpsgme Hbrary pNA CJSS hybridjzatipn for .detecting chrpmpson[ie 21 

5 

[0100] Chromosome 21 was specifically and entirely decorated In normal lymphocyte metaphase spreads, 
although some additional minor binding sites were seen at or near the centromeric region of other acrocentric chromo- 
somes, especially chromosome 13 (normal karyotype not shown; Fig. 14F). Suppression with additional DNA including 
a plasmid LI .26, which detects a repetitive DNA located predominantly at the centromeric region of chromosomes 13 

10 and 21, did not efficiently suppress the minor non-21 chromosomal signals. Devilee, R, Cremer, T., Slagboom, P., 
Bakker, E., Schoii, H.R, Hager, H.D. Stevenson, A.FG., Cornelisse. C.J. & Pearson, PL. (1986) Cytogenet. Cell Genet. 
41,193-201. Quantitative evaluation of interphase nuclei signals again showed a negligible portion of nuclei with three 
signals; however, a significant increase in nuclei with less than two signals was observed (50-60% with two signals, 35- 
45% with one signal, and 5-10% without a signal). The numerical differences observed with the two different probes can 

15 be explained in part by the number of nuclei (up to one of three) that were excluded from the latter analysis because 
they exhibited larger and more diffuse signals, most likely from more than one chromosome that could not be resolved 
unambiguously as two separate chromosome domains in a two-dimensional representation. The minor cross-hybridiz- 
ing sites noted above presented a second experimental complication but did not adversely influence data interpretation. 

20 Jesting of Cells.ContainIng Chroniospme 21_Abe.rrations_ 

[0101] The optimal (94 kb) plasmid pool as well as CISS hybridization with chromosome 21 library inserts were 
tested further by using cells containing chromosome 21 aberrations. Both probe sets permitted a fast and unambiguous 
diagnosis of trisomy 21 in all metaphase spreads from Down syndrome lymphocyte cultures (see examples in Fig. 14 

25 D and E). Furthermore, the quantitative distribution of hybridization signals in interphase nuclei of the same prepara- 
tion, analyzed as described above, was similar with either type of probe [<5% of cells with no signal, 5-15% with one 
signal, 25-35% with two signals, and 55-65% with three signals (Fig. 14 F-J)]. Although the library DNA inserts gave up 
to 15% of four-signal nuclei (compare Fig. 14 F and G), most likely due to the minor binding sites on other chromo- 
somes, the plasmid pool revealed only a negligible percentage of nuclei (<0.2%) with four signals. These results indi- 

30 cate that trisomy 21 can be detected in a diagnostically meaningful way with small populations of nonmitotic cells. 

.Lpcalization_of Chromosome. 21 DNA in Embj^onjc Chqripnic.VilJi C_ejls 

[0102] Embryonic chorionic villi (CV) cells were also Investigated with the 94 kb plasmid probe sets in a case where 
35 the father had a reciprocal t(4:21) translocation. Hybridization to metaphase spreads of the CV cells showed that the 
translocated chromosome (4pter-->4q33::21q11.2^21qter) was indeed inherited by the fetus (see Fig. 13 L and M). 
The signals In the interphase cell nuclei (see Fig. 14K) of the CV cells had a distribution that paralleled that of cells with 
a normal karyotype (see above), indicating a balanced representation of 21q22.3 and excluding Down syndrome as a 
possible diagnosis. A small increase of nuclei with three and four signals (both <5%) over that of normal lymphocytes 
40 was also observed, probably reflecting a higher portion of tetraplold cells In such CV samples. 

Localization of Chromo_spme_21 DNA in of Glioma Tumor Cells 

[0103] The diagnostic potential of the chromosome 21 probes was further tested by using a glioma tumor cell line, 
45 TC620, known to be pseudotriploid with a highly rearranged genome. Cremer, T et a[., Exp..Ce[l Re.s.-. 176:199-220 
(1988); Cremer, T. et al,, Hum. Genet., In Press, (1988); Manuelidis, L and E.E. Manuelidis, [n: Progress In Neuropa: 
tholpgy, 4:235-266 (ed. Zimmerman, H.M.) (1979). The metaphase spreads revealed two apparently normal chromo- 
somes 21 and one translocation chromosome (see Fig. 14 N and O). Interestingly, the chromosome 21 DNA on the 
translocation chromosome labeled by the library probe has a size equivalent to a normal 21 q region, thus suggesting a 
50 Robertsonian translocation event. However, fine structural aberrations of 21q (i.e., small deletions, etc.) cannot be 
excluded by this analysis. The interphase signals seen with both the plasmid probe set and the library inserts were con- 
sistent with trisomy 21 q22.3 and trisomy 21 , respectively. 

Locajization.of CKromospifTie^?! in,pNA Seque.nces in_So_li_d Tjs.sues 

55 

[0104] The ability of the 94 kb plasmid probe set to localize chromosome 21 DNA sequences in solid tissues was 
also assessed. Both chromosomes 21 were clearly labeled by the probe, and located near the nucleolus; this nuclear 
location is consistent with the fact that chromosome 21 contains a ribosomal gene cluster that Is usually localized in the 
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nucleolus. This observation suggests that these probes may also prove useful for evaluating the frequency of chromo- 
some 21 mosaicism in specific cell or tissue types. In addition, it should be of interest to see if the various karyotypic 
changes associated with the Down syndrome phenotype alter the normal nuclear topography of chromosome 21 in 
neuronal tissue. 

5 

Claims 

1. A method for specifically staining or labelling any selected individual target chromosome(s) (or subregion(s) 
thereof) in situ in a sample containing chromosomal DNA from interphase cells by in situ hybridization In inter- 
10 phase cells or nuclei, comprising the steps of 

(i) treating the sample to render the chromosomal DNA available for hybridization with complementary nucleic 
acid sequences, 

(ii) hybridizing labelled probe DNA with the DNA of step (i) whereby hybridization of the probe DNA with ubiq- 
15 uitous repeated DNA sequences present in the DNA of step (i) (e.g. Alu and Kpnl elements) is suppressed, 

suppression being achieved by hybridizing (e.g. by preannealing) competitor DNA which contains sequences 
that hybridize to the ubiquitous repeated DNA sequences with the probe DNA; wherein the probe DNA com- 
prises DNA fragments smaller than 500 nucleotides in length. 

20 2. The method of claim 1 for specifically staining or labelling a plurality of selected chromosomes (or subregions 
thereof), wherein more than one probe, each specific for a chromosome or subregion thereof and each labelled 
with a distinct reporter molecule, is provided. 

3. The method of claim 1 or claim 2 wherein the interphase cells are tumour cells or uncultured cells from amniotic 
25 fluid. 

4. The method of any one of the preceding claims, wherein the probe DNA is obtained from a chromosome-derived 
library. 

30 5. The method of any one of the preceding claims, wherein the probe DNA and the competitor DNA comprise DNA 
fragments smaller than 500 nucleotides, for example 150-250 nucleotides In length. 

6. The method of any one of the preceding claims, wherein the competitor DNA for suppression of repetitive 
sequences is total DNA, for example total human genomic DNA. 

35 

7. The method of any one of the preceding claims, wherein step (il) is conducted in the presence of a carrier DNA. 

8. The method of any one of the preceding claims wherein the probe DNA is labelled with: (a) avidin or biotin, (b) a 
fluorochrome or fluorochrome combination, or (c) an enzyme. 

40 

9. The method of claim 8(b) wherein the fluorochrome(s) are selected from fluorescein, rhodaimine, Texas red, Lucifer 
yellow, a phycobiliprotein and a cyanin dye. 

Patentanspruche 

45 

1. EIn Verfahren zum spezifischen AnfSrben oder Markleren eines bellebig ausgewdhlten Indlviduellen Zlelchromo- 

soms Oder individueller Zielchromosomen (oder eines Teilbereichs oder Teilbereichen davon) in situ in einer Probe, 
die chromosomaie DNS aus Interphasezellen enthalt, durch in situ Hybridisierung in Interphasezellen oder Kernen, 
umfassend die Sphritte: 

50 

(i) Behandlung der Probe, um die chromosomaie DNS fur eine Hybridisierung mit komplementaren Nuclein- 
sauresequenzen verfugbar zu machen. 

(ii) Hybridisierung markierter Sonden-DNS mit der DNS aus Schritt (i), wodurch eine Hybridisierung der Son- 
55 den-DNS mit ubiquitaren repetitiven DNS-Sequenzen, die In der DNS aus Schritt (1) (z. B, Alu und Kpnl Ele- 

mente) vorhanden sind, unterdruckt wird, wobei die Unterdruckung durch Hybridisierung (z.B. durch 
Vortempern) einer Kompetitor-DNS erreicht wird, die Sequenzen enthalt, die an die ubiquitaren repetitiven 
DNS-Sequenzen mit der Sonden-DNS hybridisieren; worin die Sonden-DNS DNS-Fragmente umfaflt, die Idn- 
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genmSKig kleiner sind als 500 Nukleotide. 

2. Das Verfahren nach Anspruch 1 zum spezifischen Anfarben oder Markieren einer Vielzahl ausgewahlter Chromo- 
somen (oder Teilbereichen davon) , worin mehr als eine Sonde bereitgestellt wird, wobei jede spezifisch fur ein 

5 Chromosom oder Teilbereich davon ist und jede mit einem verschiedenen Reporter-MolekQI markiert ist. 

3. Das Verfahren nach Anspruch 1 oder Anspruch 2, worin die Interphasezellen Tumorzelien oder nichtkultivierte Zel- 
len aus Amnionflussrgkeit sind. 

10 4. Das Verfahren nach einem der vorhergehenden Anspruche, worin die Sonden-DNS aus einer von Chromosomen 
abstammenden Bibiiothek erhalten ist 

5. Das Verfahren nach einem der vorhergehenden Anspruche, worin die Sonden-DNS und die Kompetitor-DNS DNS- 
Fragmente umfassen, die iangenm3(lig kleiner sind als 500 Nucleotide, zum Beispiel 150-250. 

15 

6. Das Verfahren nach einem der vorhergehenden Anspruche. worin die Kompetitor-DNS zur Unterdriickung von 
repetitiven Sequenzen eine Gesamt-DNS, zum Beispiel menschliche genomische Gesamt-DNS, ist. 

7- Das Verfahren nach einem der vorhergehenden Anspruche. worin Schritt (ii) in Gegenwart einer Carrier-DNS 
20 durchgefuhrt wird. 

8. Das Verfahren nach einem der vorhergehenden Anspruche, worin die DNS-Sonde markiert ist mit: (a) Avidin oder 
Biotin, (b) einem Fluorochrom oder einer Fluorochrom-Kombination, oder (c) einem Enzym. 

25 9. Das Verfahren nach Anspruch 8(b), worin das/die Fluorochrom(e) ausgewahit ist/sind aus Fluorescein. Rhodamin, 
Texas Rot, Lucifergelb. einem Phycobiliprotein- und einem Cyanin-Farbstoff. 

Revendications 

30 1. Methode pour specifiquement colorer ou marquer in situ tout chromosome cible individuel selectionne (ou une 
(des) sous-r6gion(s) de celui-ci) dans un 6chantillon contenant de TADN chromosomique de cellules en interphase 
par hybridation in situ des noyaux ou cellules en interphase comprenant les etapes consistant a : 

(i) traiter I'echantillon pour rendre I'ADN chromosomique disponible pour une hybridation avec des sequences 
35 d'acides nucl6iques complementaires ; 

(ii) realiser I'hybridation d'une sonde marquee avec I'ADN de I'etape (i) en supprimant I'hybridation de la sonde 
d'ADN avec des s6quences d*ADN r6p6tees ubiquitaires pr§sentes dans TADN de I'etape (i) (exemple : des 
elements Alu et Kpnl), la suppression etant realisee en hybridant (exemple : par precircularisation) de I'ADN 
comp^titeur qui contient des sequences qui hybrident aux sequences d'ADN repetees ubiquitaires avec la 

40 sonde d'ADN. ladite sonde d'ADN comprenant des fragments d'ADN de taille inf^rieure d 500 nucleotides. 

2. M6thode selon la revendication 1 , pour specifiquement colorer ou marquer une pluralite de chromosomes selec- 
tionn^s (ou des sous-r6gions de ceux-ci) dans laquelie on dispose de plus d'une sonde, chacune etant specifique 
pour un chromosome ou une sous-region de celui-ci et chacune etant marquee avec une molecule traceur dis- 

45 tincte. 

3, Methode selon la revendication 1 ou 2, dans laquelie les cellules en interphase sont des cellules tumorales ou des 
cellules non cultivees provenant de liquide amniotique. 

50 4. Methode selon I'une quelconque des revendications precedentes, dans laquelie la sonde d'ADN est obtenue d par- 
tir d'une banque deriv6e de chromosomes. 

5, Methode selon I'une quelconque des revendications precedentes, dans laquelie la sonde d'ADN et I'ADN compe- 
titeur comprennent des fragments d'ADN inferieurs a 500 nucleotides, par exemple, d'une longueur de 150 a 250 

55 nucleotides. 

6. Methode selon I'une quelconque des revendications precedentes. dans laquelie I'ADN competiteur pour la sup- 
pression des sequences repetitives est de I'ADN total, par exemple de I'ADN genomique humain total. 
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Methode selon Tune quelconque des revendications pr^c^dentes, dans laquelle r^tape (ii) est realis^e en pre- 
sence d'un ADN porteur. 

Methode selon Tune quelconque des revendications precedentes» ou la sonde d'ADN est marquee avec : (a) I'avi- 
dine ou la biotine, (b) un fluorochrome ou une comblnaison de fluorochromes, ou (c) une enzyme. 

Methode selon ta revendication 8(b) dans laquelle le(s) fluorochrome(s) est(sont) choisi(s) parmi la fluoresc6ine, la 
rhodamlne, le rouge Texas, le jaune Lucifer, une phycobiliproteine et un colorant d base de cyanine. 
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Description 

B^ckg^Qund of thg Invgntipn 

5 This invention relates generally to methods and apparatus for cx)nducting analyses. More particularly, the invention 
relates to the design and construction of small, typically single-use, modules capable of receiving and rapidly conduct- 
ing a predetermined assay protocol on a fluid sample. 

In recent decades the art has developed a very large number of protocols, test kits, and cartridges for conducting 
analyses on biological sanples for various diagnostic and monitoring purposes. Immunoassays, agglutination assays, 

10 and analyses laased on polymerase chain reaction, various ligand-receptor Interactions, and differential migration of 
species in a complex sample all have been used to determine the presence or concentration of various biological com- 
pounds or contaminants, or the presence of particular cell types. 

Recently, small, disposable devices have been developed for handling biological sanples and for conducting cer- 
tain clinical tests. Shoji et al. reported the use of a miniature blood gas analyzer toricated on a silicon wafer. Shoji et 

15 at.. Sensors and Actuators. 15:101-107 (1988). Sato et al. reported a cell fusion technique using micromechanical sili- 
con devices. Sato et al., Sensors and Actuators. A21-A23 :948-953 (1990). Ciba Corning Diagnostics Corp. (USA) has 
manufactured a microprocessor-controlled laser photometer for detecting blood clotting. 

MiaomacNning technology originated in the miaoelectronics industry. Angell et al., Scientific American. 248:44- 
55 (1983). Micromachining technology has enabled the manufacture of microengineered devices having structural ele- 

20 ments with minimal dimensions ranging from tens of miaons (the dimensions of biological cells) to nanometers (the 
dimensions of some biological macromolecules). This scale is refered to herein as "mesoscale". Most experiments 
involving mesoscale structures have involved studies of miaomechanics, i.e., mechanical motion and flow properties. 
The potential capability of mesoscale structures has not k>een exploited fully in the life sciences. 

Brunette fExper. Cell Res.. 162:203-217 (1986) and 1M:11-26 (1986)) studied tiie behavior of fibroblasts and epi- 

25 thelial cells in grooves in silicon, titanium-coated polymers and the like. McCartney et al. (Cancer Res.. 41:3046-3051 
. (1981)) examined the behavior of tumor cells in grooved plastic substrates. LaCelle (Blood Cells. 12:179-189 (1986)) 
studied leukocyte and erythrocyte flow in microcapiilaries to gain insight into microcirculation. Hung and Weissman 
reported a study of fluid dynamics in micromachined channels, but did not produce data associated with an analytic 
device. Hung et al., Med, and Biol. Enoineerina. 9:237-245 (1971); and Weissman et al.. Am. Inst. Chem. Eng. J.. 

30 1725-30 (1971). Columbus et al. utilized a sandwich composed of two orthogonally orientated v-grooved embossed 
sheets in the control of capillary flow of biological fluids to discrete ion-selective electrodes in an experimental multi- 
channel test device. Columbus et al., Clin. Chem.. 33:1531-1537 (1987). Masuda et al. and Washizu et al. have 
reported the use of a fluid flow chamber for the manipulation of cells (e.g. cell fusion). Masuda et al., Proceedings 
IEEE/IAS Megtinq. pp. 1549-1553 (1987); and Washizu et al.. Proceedings IEEE/IAS Meeting pp. 1735-1740 (1988). 

35 The art has not fully exptored tiie potential of using mesoscale devices for the analyses of biological fluids and detection 
of microorganisms. 

EP-A-483 1 1 7 discloses a capilliary flow device tiiat makes use of cappilllary action to draw an analyte - containing 
sample into a chamber for an agglutination assay. 

The cunrent analytical techniques utilized for the detection of microorganisms are rarely automated, usually require 
40 incubation in a suitable medium to increase the number of organisms, and Invariably employ visual and/or chemical 
methods to identify the strain or sub-species. The inherent delay in such metiiods frequently necessitates medical inter- 
vention prior to definitive identification of the nature of an infection. In industrial, public health or clinical environments, 
such delays may have serious consequencea There is a need for convenient systems for the rapid detection of micro- 
organisms. 

45 In some aspects, the Invention provides analytical systems witti optimal reaction environments that can analyze 
microvolumes of sample, detect substances present in very low concentrations, and produce analytical results rapidly 
In otiier aspects, the present invention provides easily mass produced, disposable, small (e.g., less than 1 cc in volume) 
devices having mesoscale functional elements capable of rapid, automated analyses of preselected molecular or cel- 
lular analytes, in a range of biological and otiier applications. In other aspects, the present invention provides a family 

so of such devices that individually can be used to implement a range of rapid clinical tests, e.g., tests for bacterial con- 
tamination, virus infection, sperm motility, blood parameters, contaminants in food, water, or body fluids, and tiie like. 

Summarv of the Invention 

55 According to aspects of the present invention, there are provkjed methods and devices for the detection of a prese- 
lected analyte in a fluid sample as set out in claims 1 and 1 1 . The device comprises a solid substrate, typically on tfie 
order of a few millimeters thick and approximately 0.2 to 2.0 centimeters square, microfabricated to define a sample 
inlet port and a mesoscale flow system. The term "mesoscale" is used herein to define chambers and flow passages 
having cross-sectional dimensions on tiie order of 0.1 fim to 500 iim. The mesoscale flow channels and fluid handling 
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regions have a preferred depth on the order of 0.1 mhi to 100 ^m. typically 2 - 50 ^m. The channels have preferred 
widths on the order of 2.0 [im to 500 \im, more preferably 3 - 100 Mm. For many applications, channels of 5 - 50 ^m 
widths will be useful. Chambers in the substrates often will have larger dimensions, e.g., a few millimeters. 

The mesoscale flow system of the device Includes a sample flow channel, extending from the inlet port, and an 

s analyte detection region in fluid communication with the flow channel. The analyte detection region is provided with a 
binding moiety, optionally immobilized therewithin, for specifically binding the analyte. The mesoscale dimension of the 
detection region kineticalty enhances binding of the binding moiety and the analyte. That is. in the detection region, 
reactants are brought close together in a confined space so that multiple molecular collisions occur. The devices may 
be used to implement a variety of automated, sensitive and rapid clinical tests including the analysis of cells or macro- 

10 molecules, or for monitoring reactions or cell growth. 

Generally, as disclosed herein, the solid substrate comprises a chip containing the mesoscale flow system. The 
chips are designed to exploit a combination of functional geometrical features and generally known types of clinical 
chemistry to implement the detection of microquantities of an analyte. The mesoscale flow system may be designed 
and labricated from silicon and other solid substrates using established micromachining methods, or by molding poly- 

15 meric materials. The mesoscale flow systems in the devices may be constructed by microfabricating flow channel(s) 
and detection region(s) into the surface of the substrate, and then adhering a cover, e.g.. a transparent glass cover, over 
the surface. The channels and chambers in cross-section taken through the thickness of the chip may be triangular, 
trapezoidal, square, rectangular, circular, or any other shape. The devices typically are designated on a scale suitable 
to analyze microvolumes (<5 ^L) of sample, introduced into the flow system through an inlet port defined, e.g., by a hole 

20 communicating with the flow system through the substrate or through a transparent coverslip. Cells or other analytes 
present in very low concentrations (e.g. nanogram quantities) in microvolumes of a sample fluid can be rapidly analyzed 
(e.g.. <10 minutes). 

The chips typically will be used witii an appliance which contains a nesting site for holding the chip, and which 
mates an input port on the chip with a flow line in the appliance. After biological fluid such as blood, plasnna, serum, 

25 urine, sputum, saliva, or other fluids suspected to contain a particular analyte. cellular contaminant, or toxin is applied 
to the inlet port of the substrate, the chip is placed in the appliance and a pump is actuated to force the sample through 
the flow system. Alternatively, a sample may be injected into the chip by the appliance, or the sample may enter the 
mesoscale flow system of the chip through the inlet port by capillary action. 

In the devices, the binding of an analyte to a binding moiety serves as a positive indication of the presence of the 

30 analyte in a sample. The mesoscale detection region is provided with a binding moiety capable of specifically binding 
to the preselected analyte. The binding moiety may be delivered to the detection region in, e.g., a solution. Altematively. 
the binding moiety may be immobilized in the detection region. The internal surfaces of tiie mesoscale detection region 
of the device may be coated with an immobilized binding moiety to enable the surface to interact with a fluid sample in 
order to detect or separate specific fluid sanrple constituents. Antibodies or polynucleotide probes may be immobilized 

35 on tiie surface of the flow channels, enabling the use of tiie mesoscale flow systems for immunoassays or polynucle- 
otide hybridization assays. The binding moiety also may comprise a ligand or receptor. A binding moiety capable of 
binding cells via a cell surface molecule may be utilized, to enable the isolation or detection of a cell population in a bio- 
logical microsample. The mesoscale flow system may also include protrusions or a section of reduced cross sectional 
area to enable the sorting or lysis of cells in tiie microsample upon flow through tiie f bw system. 

40 Analyte binding to a binding moiety in tiie detection region may detected optically, e.g., through a ti'ansparent or 
translucent window, such as a transparent cover over tiie detection region or through a translucent section of the sub- 
strate itself. Changes in color, fluorescence, luminescence, etc.. upon binding of tiie analyte and the binding moiety, 
indicating a positive assay can be detected either visually or by machine. The appliance may include sensing equip- 
ment, such as a spectrophotometer, capable of detecting changes in optical properties, due to the binding of an analyte 

45 to a binding moiety in the detection region, through a clear cover disposed over the detection region. 

The device may further include means for delivering reagents such as a labeled substance to tiie detection region 
that binds to tiie analyte to provide a detectak)le signal indicative of the presence of the analyte. Optionally, depending 
on the protocol being exploited in the structure of the chip, the appliance also may be designed to inject reagents nec- 
essary to complete the assay, e.g., to inject a binding protein tagged with an optically detectable moiety, a substrate 

50 solution for reaction with an enzyme, or other reagents. 

A positive assay may also be indicated by detectable agglutination or flow impedence upon analyte binding. The 
presence of a preselected analyte in a fluid sample may be detected by sensing analyte-induced changes in sample 
fluid flow properties, such as changes in tiie pressure or electrical conductivity, at different points in the flow system. In 
one embodiment, analyte induced restriction or blockage of flow in the mesoscale flow system, e.g., in tiie fractal 

55 region, may be detected by pressure detectors, e.g., in tiie appliance used In combination witii the device. In another 
embodiment, analyte-induced changes in conductivity in a region of the flow system caused by introduction of a sample 
fluid may be readily detected through electrical conductivity sensors in contact with the flow system. For example, tiie 
presence of analyte may cause clogging of a restricted flow passage, and beyond tiie passage, tiie at^ence of liquid 
can be detected by measuring conductivity. The appliance also may include electrical contacts in tiie nesting region 
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which mate with contacts integrated into the structure of the chip to, e.g., provide electrical resistance heating or cooling 
to a portion off the flow system, or receive electrical signals indicative of a pressure reading, conductivrty, or the like, 
sensed in some region of the flow system to indicate (flow restriction, as a) positive indication of tiie presence of ttie 
analyte. 

5 The mesoscale devices can be adapted to perform a wide range of biological or other tests. A device may include 
two or more separated flow systems, e.g., fed by a common inlet port, witii different binding moieties in. e.g., different 
detection regions to enable tiie detection of two or more analytes simultaneously. The device may also comprise a con- 
trol flow system so that data from the sample region and the control region may be detected and compared. Essentially 
any test involving detection of tiie presence or concentration of a molecular or atomic scale analyte, or the presence of 

10 a particular cell type, can be implemented to advantage in such structures. The mesoscale devices may provide a rapid 
chemical test for the detection of pathogenic bacteria or viruses. The devices may also provide a rapid test for the pres- 
ence or concentration of blood constituents such as hormones. Ottier applications include but are not limited to a range 
of other biological assays such as blood type testing. 

The devices as disclosed herein are all characterized by a mesoscale detection region containing a binding moiety 

15 that reacts with the analyte component, such as a molecular analyte or a cell type, to detect the presence or concen- 
tration of the analyte. The device may be readily sterilized prior to an assay Assays may be completed rapidly, and at 
the conclusion of tiie assay tiie chip can be discarded, which advantageously prevents contamination between sam- 
ples, entomt>s potentially hazardous material, produces only microvolumes of waste fluid for disposal, and provides an 
inexpensive, microsample analysis. Some of the features and benefits of tiie devices are summarized in Table 1 . 

20 



TABLE 1 





Feature 


Benefit 


25 


Flexibility 


No limits to tiie number of chip designs or applications available. 




Reproducible 


Allows reliable, standardized, mass production of chips. 




LxTW Cost Production 


Allows competitive pricing witti existing systems. Disposable nature for single-use 

processes. 


30 


Small Size 


No bulky instrumentation required. Lends itself to portable units and systems 
designed for use in non-conventional lab environments. Minimal storage and ship- 
ping costs. 


35 


Microscale 


Minimal sample and reagent volumes required. Reduces reagent costs, especially 
for more expensive, specialized test procedures. Allows simplified instrumentation 
schemes. 




Sterility 


Chips can be sterilized for use in microbiotogical assays and otiier procedures 
requiring clean environments. 


40 


Sealed System 


Minimizes biohazards. Ensures process integrity 


Multiple Circuit Capabilities 


Can perform multiple processes or analyses on a single chip. Allows panel assays. 




Multiple Detector Capabilities 


Expands capabilities for assay and process monitoring to virtually any system. 
Allows broad range of applications. 


45 


Reuseable Chips 


Reduces per process cost to tiie user for certain applications. 



Brief Descriotion of tiie Drawinos 

50 

FIGURE 1 is a schematic longitudinal cross sectional view of a device according to the invention that includes a 
solid substrate 14, on which are machined entry ports 16 connected by mesoscale flow channel 20, with a transparent 
cover 12 adhered to tiie surface of the substrate. 

FIGURE 2 is a perspective view of tiie device of Figure 1 . 
55 FIGURE 3 is a cross sectional view of a support block 30 for holding device 10 tiiat includes ports 32 for delivery 
or removal of reagents or sample fluids from device 10. 

FIGURE 4 is a schematic illustration of analytical device 10 nested witiiin appliance 50, which is used to support 
the device 10 and to regulate and detect the pressure of sample fluids in device 10. 

FIGURES 5A-D are schematic illustrations of a cross-section of a portion of a mesoscale flow channel 20 within a 



4 



EPO 637 996 B1 



substrate 14, on which antibodies 103 are immobilized, and illustrating changing states of the system during an analy- 
sis. 

FIGURES 6A-D are schematic illustrations of a cross-section of a portion of a mesoscale flow channel 20 within a 
substrate 14, on which DNA binding probes 110 are immobilized, and illustrating changing states of the system during 
5 an analysis. 

FIGURE 7 is a cross sectional perspective view of a flow channel 20 on the inert substrate 14 with cell or debris 
filtering protrusions 122 extending from a wall of the flow channel. 

FIGURE 8 is a cross sectional view of a flow channel 20 on the inert substrate 14 with cell piercing protrusions 124 
extending from a wall of the channel. 
10 FIGURE 9 ^ a schematic top view of a analytical, device fabricated with a series of mesoscale chambers suitable 
for inplementing a variety of functions including cell sorting, cell lysing and PGR analysis. 

FIGURE 1 0a is a schematic longitudinal cross sectional view of a device according to the invention which includes 
electrical contacts 17 and 18 for measuring conductivity of fluids in the device. 

FIGURE 10b is a perspective view of the device shown in Figure 10a. 
IS FIGURE 1 1 is a schematic plan view of a substrate microfabricated with a pair of fractally bifurcating flow channels 
40. 

FIGURE 12 is a schematic perspective view of an apparatus 60 used in combination with device 10 for viewing the 
contents of device 10. 

FIGURE 13 Is a schematic cross sectional view of the apparatus 60 of Figure 12. 
20 FIGURE 14 Is a schematic plan view of device 10 microfabricated with a mesoscale flow system that includes the 
tortuous channels 22A and 22B which allow the timed addition and mixing of assay components during an assay. 

Like reference characters in the respective drawn figures indicate con'esponding parts. 

Detailed Description 

25 

The invention provides a family of small. mass produced, typically one-use devices for detecting a particular analyte 
in a fluid microsample. The device comprises a solid substrate, typically on the order of a few millimeters thick and 
approximately 0.2 to 2.0 centimeters square, that Is microfabricated to define a sample inlet port and a mesoscale flow 
system. The mesoscale flow system includes at least one sample flow channel extending from the inlet port and at least -^f 

30 one analyte detection region in fluid communication with the flow channel which contains a binding moiety for specifi- 
cally binding the analyte. Optionally the binding moiety may be immobilized within the detection region. As disclosed 
herein, mesoscale detection systems may be used in a wide range of rapid tests, including the analysis of cells or mac- 
romolecules. or for nfronitoring reactions or cell culture growth. The devices may be fabricated with two or more mesos- 
cale ftow systems which comprise two or more different detection regions containing binding moieties for different 

35 analytes. allowing two or more assays to be conducted simultaneously. At the conclusion of the assay the devices typ- 
ically are discarded. 

Mesoscale devices having flow channels and chambers with at least one mesoscale dimension can be designed 
and fabricated in large quantities from a solid substrate material. Silicon is prefen-ed because of the enormous body of 
technology permitting its precise and efficient fabrication, but other materials may be used including polymers such as 

40 polytetrafluoroethylenes. The sample inlet port, the mesoscale flow system, including the sample flow channel(s) and 
the analyte detection region(s). and other functional elements thus may be fabricated inexpensively in large quantities 
from a silicon substrate by any of a variety of micromachining methods known to those skilled in the art The microma- 
chining methods available include film deposition processes such as spin coating and chemical vapor deposition, laser 
^rication or photolithographic techniques such as UV or X-ray processes, or etching methods including wet chemical 

45 processes or plasma processes. (See, e.g., Manz etal.. Trends in Analytical Chemistry 10: 144-149 (1991)). Flow chan- 
nels of varying widths and depths can be fabricated with mesoscale dimensions, i.e., with cross-sectional dimensions 
on the order of 0.1 to 500 pm. 

The silicon substrate containing a fabricated mesoscale flow channel may be covered and sealed with a thin anod- 
ically bonded glass cover. Other clear or opaque cover materials may be used. Alternatively, two silicon substrates can 

50 be sarxlwiched. or a silicon substrate may be sandwiched between two glass covers. The use of a transparent cover 
results in a window which facilitates dynamic viewing of the channel contents and allows optical probing of the detection 
region either visually or by machine. Other fabrication approaches may be used. In one embodiment, electron micro- 
graphs of biological structures such as circulatory networks may be used as masks for fabricating mesoscale flow sys- 
tems on the substrate. Mesoscale flow systems may be fabricated in a range of sizes and conformations. 

55 In one embodiment, illustrated schematically in Figures 1 and 2. the device 10 may include a silicon substrate 14 
microfabricated with a mesoscale flow channel 20, which, in this Instance, also serves as a detection region, and which 
may be provided with binding moieties capable of binding a preselected analyte. Sample or reagent fluid may be added 
or recovered from flow channel 20 via ports 1 6 which are fabricated on either end of the flow channel 20. The substrate 
14 is covered with a glass or plastic window 12. During an analysis, the device 10 may be placed in support structure 



5 



EP 0 637 996 B1 



30 (Figure 3), which is provided with interna) flow paths 32 for delivery and recovery of sample fluid through the inlet 
ports of device 10. The dimensions of the microchannels in the silicon mesoscale devices may vary in the range from 
approximately 2.0 \im • 500 ^m wide and approximately 0.1 ^m - 500 ^m in depth, a range comparable to cellular or 
macromolecuiar dimensions, where fluid motion of multiphasic materials such as fluid and cell culture medium has not 
5 been systemically investigated. The inlet ports on the devices may be micro^ricated with mesoscale or. alternatively, 
larger dimensions. 

The capacity of the devices is very small and therefore reduces the amount of sample fluid required for an analysis. 
For example, in a 1 cm x 1 cm silicon sulistrate, having on its surface an array of 500 grooves which are 10 microns 
wide X 1 0 microns deep x 1 cm (1 0^ microns) long, the volume of each groove is 1 0'*^ and the total volume of the 500 

10 grooves is 0.5 ^L. The low volume of the mesoscale flow systems enhances the reaction rates of ass^ conducted in 
the devices. For example, in a mesoscale detection chamber containing a surface coating of an immobilized binding 
moiety, as predicted by the Law of Mass Action, as the volume of the mesoscale detection chamber decreases, the sur- 
face area to volume ratio of the binding moiety In the detection region increases, which results in an increased rate of 
intermolecular reaction between the analyte and the binding moiety. The entire mesoscale flow systems of devices of 

15 the invention typically have volumes on the order of less than 10 ^L. Detection chambers are small enough in at least 
one dimension to favor fast kinetics. The mesoscale flow systems in the devices may be microfabhcated with microliter 
volumes, or alternatively nanoliter volumes or less, which advantageously limits the amount of sample and/or reagent 
fluids required for an assay 

The analytical devices containing the mesoscale flow system can be used in combination with an appliance for 
20 delivering and receiving fluids to and from the devices, such as appliance 50, shown schematically in Figure 4. which 
incorporates a nesting site 58 for holding the device 10. and for registering ports, e.g.. ports 16 on the device 10, with 
a flow line 56 in the appliance. The appliance may include means, such as pump 52 shown in Figure 5, for forcing the 
sample through the flow system. After a biological fluid sample suspected to contain a particular analyte is applied to 
the inlet port 51 of the appliance, punp 52 is actuated to force the sample into port 16 of device 10 and the mesoscale 
25 flow channel 20. Alternatively a sample may be injected into the chip by the appliance, or the sample may enter the 
mesoscale flow system of the device through the inlet port by capillary action. In another embodiment, the appliance 
may be disposed over the substrate, and may be provided with a flow line communicating with the inlet ports in the 
device, e.g.. in the absence of a cover over the device, to enable a sample to be injected via the appliance into the 
device. Other embodiments of appliances may be fabricated In accordance with the invention for use in different assay 
30 protocols with different devices. Tlie flow systems of the devices may be filled to a hydraulically full volume and the 
appliance may be utilized to direct the flow of fluid through the flow system, e.g., by means of valves located in the 
device or in the appliance. 

The analytical devices also may be utilized in combination with an appliance for viewing the contents of the mes- 
oscale channels in the devices. The appliance in one embodiment may comprise a microscope for viewing the contents 

35 of the mesoscale channels in the devices. In another embodiment, a camera may be included in the appliance, as illus- 
trated in the appliance 60 shown schematically in Figures 12 and 13. The appliance 60 is provided with a housing 62, 
a viewing screen 64 and a slot 66 for inserting a chip into the appliance. As shown in cross section in Figure 20, the 
appliance 60 also includes a video camera 68. an optical system 70, and a tilt mechanism 72 for holding device 10, and 
allowing the placement and angle of device 10 to be adjusted manually. The optical system 70 may include a lens sys- 

40 tem for magnifying the channel contents, as well as a light source. The video camera 68 and screen 64 allow analyte 
induced changes in sample fluid properties, such as flow properties or color, to be monitored visually, and optionally 
recorded using the appliance. 

Binding moieties may be introduced into the mesoscale detection region in a solution via an inlet port in fluid com- 
munication with tiie detection region. Alternatively, binding moieties may be immobilized in the mesoscale detection 

45 region of the analytical devices after its manufacture by, for example, physical absorption or chemical attachment to the 
surface of the flow system or to a solid phase reactant such as a polymeric bead disposed in the detection region. 

The surfaces of the mesoscale detection channels in the silicon substrates can be chemically activated and reacted 
with a protein, lipid, polysaccharide or otiier macromolecule to form a coated surface in tiie mesoscale flow channels. 
Techniques for the chemical activation of silaceous surfaces are available in tiie art. (See, e.g., Haller in: Solid Phase 

50 Biochemistry. W.H. Scouten, Ed.. John Wiley, New York, pp 535-597 (1983); and Mandenius et al.. Anal. Biochem.. 
127:106-1 14 (1984) and 17Q: 68-72 (1988) and Mandenius et al.. Methods in Enzvmoloov. 137 : 388-394). There are a 
number of techniques in the art for attaching biomolecules to silicon. For example, enzymes may be immobilized on sil- 
icon devices via entrapment in a photo-crosslinkaWe polyvinyl alcohol (Howe et al., IEEE Transactions Electron 
Devices. ED33 :499-5Q6 (1986) or attached indirectiy using preformed membranes (Hanazato et al., IEEE Transactions 

55 Electron Devices. ED33 :47-51 (1 986). A hydrophobic bilayer glycerol monooleate coating may be fabricated on a silicon 
substrate. Fromherz et al., Biochim. Biophys. Acta. 1062 :103-107 (1991). 

Protein conjugation and immobilization techniques known in the art may be adapted for use with activated sila- 
ceous surfaces. Kennedy etal., Clin. Chem. Acta. 2Q:1-31 (1976); Sankolli et al., J. 1mm. Methods. 1Q4:191-194 (1987); 
Kricka et al., Clin. Chem.. 2fi:741 -744 (1 980); and DeLxica et al.. Arch. Biochem. Biophys.. 225:285-291 (1983). Known 
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chemistries in the art maybe adapted for use in attaching biomolecules to coated or uncoated silicon channel surfaces. 
A binding moiety such as an antigen binding protein, a polynucleotide probe, or one of a ligand/receptor pair may be 
attached to the silicon channel surfaces. The surface coated mesoscale flow systems can be utilized in any of a wide 
range of available binding assays known in the art such as immunoassays, enzymatic assays, ligandA)inder assays. 

5 polynucleotide hybridization assays, and cell surface binding assays. The detection of cellular or macromolecular ana- 
lytes can be implemented by selecting the appropriate binding moiety coated on the surface of the detection region. 

In addition, magnetic beads may be utilized in the device, which can be moved through the mesoscale flow system 
using an externally applied magnetic field. e.g., from a magnetic source located in an appliance utilized in combination 
witii the device. The binding moiety or otiier reagent required in an assay may be immobilized on a magnetic bead to 

10 enable, e.g. , the delivery of tiie binding moiety to the detection region to bind to tiie analyte. After the binding of the ana- 
lyte to the binding moiety attached to the magnetic bead, the analyte may be, e.g., furtiier purified, or nrxaved via an 
external magnetic field to a different detection region in the flow system for further analyses. 

The binding of the analyte to the binding moiety in the detection region can be detected by any of a number of meth- 
ods including monitoring the pressure or electrical conductivity of sample fluids in the device as disclosed herein or by 

15 optical detection tiirough a transparent cover eitiier visually or by machine. Devices such as valves, mesoscale pres- 
sure sensors, and other mechanical sensors can be directiy fabricated on the silicon substrate and can be mass-pro- 
duced according to well established technologies. Angell et al.. Scientific American 248:44-55 (1983). 

The binding of an analyte to a binding moiety in the detection region can be detected optically. The simplest embod- 
iment is one in which a positive result is indicated by an agglomeration or agglutination of particles, or development of 

20 or change in color, which can be visually observed, optimally with the aid of a microscope. The optical detection of the 
binding of an analyte to a binding moiety in tiie mesoscale detection chambers can be implemented by the attachment 
of a detectable label, such as a fluorescent or luminescent nrK3lecule or polymeric support, such as a bead, to either tiie 
analyte or tiie binding moiety using assay protocols known per se. The luminescent or fluorescent label in the detection 
region can be detected by light microscopy through a translucent window disposed over tiie substrate. Analytes may be 

25 detected by a luminescent or fluorescent signal produced by a binding moiety upon binding of the analyte. Alternatively, 
. a second labelled substance, such as a fluorescent labelled antbody can be delivered through the flow system to bind 
to the bound analyte/binding moiety complex in the detection region to produce a ''sandwich" including an optically 
detectable moiety whose presence is indicative of the presence of the analyte. For example, immunogold or Immunof lu- 
orescent labels reported in tiie prior art may be utilized. (See, e.g., Rosenberg et al.. Clin. Chem . 30: 1462-1466 (1984); 

30 Rosenberg et al., Clin. Chem . 31: 1444-1448 (1985); and Goin et al.. Clin. Chem . 22: 1655-1659 (1986)). 

The binding of an analyte in a liquid biological fluid sample to a binding moiety in the detection region also may be 
detected by sensing electrical conductivity at some region within the device. The conductivity of liquid in the mesoscale 
flow paths can be measured in order to detect changes in electrical properties upon analyte binding to binding moieties 
in the detection region. The conductivity may be measured, e.g., in the device 10 shown schematically in Figures 10 

35 and 10b. Device 10 includes tiie silicon substrate 14 on which are microfabricated inlet ports 16 and flow channel 20. 
The substi'ate is covered by a translucent window 12. Electi'ical conductivity measurements are made using the electri- 
cal contacts 1 8 which are fabricated on tiie top side of the substrate in contact with tiie mesoscale sanple flow channel 
20. and which are connected to contacts 17 which extend through to tiie bottom of tiie substrate. The contacts 17 can 
be fabricated by known techniques of tiiermal gradient zone melting. (See Zemel et al., in: Fundamentals and Aoplica- 

40 tions of Chemical Sensors. D. Schuetzle and R. Hammerle, Eds., ACS Symposium Series 309, Washington, DC, 1986, 
p. 2.) Device 10 may be nested in an appliance such as appliance 50, shown in Figure 4, capable of detecting conduc- 
tivity changes tiirough the contacts 1 7. Changes in conductivity can be correlated witii changes In fluid properties, such 
as fluid pressure, induced by analyte binding in tiie detection region. 

The binding of an analyte to a binding moiety in the detection region also can be detected by monitoring the pres- 

45 sure of the sample fluids in certain specially designed regions of tiie mesoscale flow passages. For example, a pressure 
detector connected to sample fluid entering and exiting the mesoscale flow system will allow the detection of pressure 
decreases caused by analyte binding and resulting clogging or flow restriction. Rgure 4 shows schematically, as an 
example, device 10, which is nested within appliance 50, which includes two pressure detectors 54 for detecting flow 
pressure of fluids entering and exiting device 1 0 through ports 1 6. When, during an assay, particles agglomerate or mol- 

50 ecules chemically interact to form a network clogging the flow passage or increasing tiie viscosity of the liquid, that 
change can be detected as a pressure change indicative as a positive result. A mesoscale pressure sensor also may 
be fabricated directly on the silicon substrate. Angell et al., Scientific American 248 : 44-55 (1 983). 

This form of detection of an analyte binding to a binding moiety in the detection region can be enhanced by 
geometi'ies sensitive to flow resti'iction in the flow system. In one embodiment, the mesoscale flow channels in tiie 

55 devices may be constructed with a *^ractar pattern, i.a, of a pattern of serially bifurcating flow channels. Figure 1 1 illus- 
trates schematically one embodiment of a device 10 which includes substi'ate 14 microfabricated with two fractal flow 
systems 40. The fractally bifurcating channels may be fabricated on a silicon substrate with reduced dimensions at each 
bifurcation, providing sequentially narrower flow channels, tiie substrate. Fluid flow in tiiese fractally consti-ucted flow 
systems is very sensitive to fluid viscosity and to the development of f tow restriction caused, for exanple. by tiie prollf- 
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eration of ceils, or the agglomeration of ceils, particles, or macromoiecular complexes that may be present in a sample. 
The detection of the presence of an analyte based on flow restriction is described in WO-A-93/22054, published 
November 11, 1993. 

The fractally designed microchannels readily allow, e.g., the growth of organisms in a culture to be monitored on 
the basis of flow impedance due to changes in fluid viscosity which can be detected, e.g., optically through a transpar- 
ent cover over the substrate. The presence and growth of an organism in a sample will influence the flow characteristics 
within the fractal. One or more pressure sensors may be utilized to detect pressure changes due to changes in fluid 
properties caused by the presence of an analyte in or beyond the fractal flow paths. Changes in conductivity upon ana- 
lyte binding also may be readily detected through electrical conductivity sensors in contact with the flow region. For 
exanrple, clogging of the fractal region 40 of device 10, which blocks flow of analyte from input port 16A to outlet port 
16B may be detected by a conventional conductivity probe 17, whose output is indicative of the presence or absence 
of aqueous fluid in the outflow channel. Binding moieties may be provided in fractal region, e.g., immobilized on the sur- 
face of the fractal flow path, or on a solid phase reactant such as a bead, to bind to the analyte and enhance flow restric- 
tion in the fractal flow path. 

A large number of binding assay protocols known in the art may be exploited in the mesoscale detection systems 
of the invention. 

The reaction of an analyte with a binding moiety in the detection region may be detected by means of an aggluti- 
nation. A fluorescent or luminescent labelled molecule or bead capable of binding to the analyte or analyte/binding moi- 
ety complex in the detection region may be used to enable the detection of agglutination of the binding moiety and the 
analyte by light microscopy through a translucent cover over the detection region. For example, the agglutination of 
blood cells in a mesoscale detection chamber can serve as a positive test for the blood type of the sample. Antibodies 
may be coated, either chemically or by absorption, on the surface of the detection region to induce agglutination, giving 
a positive test for blood type. The blood sample may be mixed with a fluorescent dye to label the blood cells and to ena- 
ble the optical detection of the agglutination reaction. Antibodies bound to fluorescent beads also may be utilized. A plu- 
rality of detection regions housing different antibodies may be fabricated in the mesoscale fbw paths to allow the 
simultaneous assay of e.g.. A. B and Rh blood types In one device. 

Immunochemical assay techniques known in the art, such as antibody sandwich assays and enzyme-linked immu- 
noassays, may be exploited in the mesoscale detection regions of the devices to detect a preselected analyte. (See Bol- 
ton et al., Handbook of Experimental Immunology. Weir, D.M., Ed.. Blackwell Scientific Pii)lications, Oxford, 1986. vol. 
1 Chapter 26, for a general discussion on immunoassays.) In one embodiment, the analyte may be an antigen and the 
binding moiety may be a labelled antigen binding protein. e.g. a fluorescent labelled antibody. Alternatively a sandwich 
immunoassay can be performed wherein a tagged binding molecule, such as a fluorescent labelled antibody, is utilized 
to detectably bind to an analyte/binding moiety complex formed in the detection region. An example of a sandwich 
immunoassay is illustrated schematically in Rgures 5A-D, wherein the surfiace off mesoscale flow channel 20 in sub- 
strate 14 is coated with an antibody 103 capable of binding an analyte 104. Figures 5B and 5C illustrate the binding of 
the analyte 104 to the antibody 103 in the flow channel. Bound analyte is then detected by the subsequent addition of 
a fluorescent labelled antibody 105 which complexes to tiie bound analyte as illustrated in Figure 5D. The fluorescent 
labelled complex can be detected tiirough a translucent window over the detection region using a f luorometer. 

Luminescence may be readily detected in the mesoscale flow systems of the devices, emitted from, e.g.. a fluores- 
cein labeled binding moiety In one embodiment, luminescence emission may be readily detected in a mesoscale flow 
system, e.g., using a microplate reader, including a photomultiplier tube, or a camera luminometer. In one embodiment, 
the analyte may be detected by the use of a binding moiety comprising two antibodies capable of binding to the analyte, 
wherein one antibody is labeled with fluorescein, which emits light, and a second antibody is labeled with rhodamine, 
which absorbs light. When the rhodamine and fluorescein-labeled antibodies each bind to the analyte. a quenching of 
the fluorescein can be observed, indicating the presence of thee analyte. Nakamura et al., eds., Immunochemical 
Assays and Biosensor Technology for tiie 199Qs. American Society of Microbiology, Washington, DC, pp. 205-215. In 
one embodiment the fluorescein labeled antibody is immobilized in tiie detection region. The analyte and the rhodam- 
ine-labeled antibody are then delivered to the detection region, and quenching of tiie fluorescein is observed indicating 
the presence of tiie analyte. In another embodiment, fluorescein-labeled antibodies conjugated to and coating a bacte- 
rial magnetic particle may be utilized in an immunoassay, wherein tiie antibody is capable of binding to the analyte. 
Nakamura et al. Anal. Chem. 63:268-272 (1991). In this embodiment, tiie agglutination of t>acterial magnetic particles 
conjugated to the fluorescein-labeled antibody causes a fluorescence quenching, indicating a positive assay for ttie 
analyte. The agglutination and resulting quenching may be enhanced by applying a magnetic field to the mesoscale 
detection region, e.g.. via a magnetic source located in an appliance used in combination with tiie appliance. 

In another embodiment, polynucleotide hybridization assays known in the art may be perlbmied (Maniatis et al., 
Molecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring Harbor Press, 1989). As illustrated schematically In Fig- 
ure 6, the surface of flow channel 20 in substrate 14 may be coated with a polynucleotide probe 110. Upon binding of 
the complementary analyte polynucleotide 104 to the immobilized polynucleotide probe 110, a second detectable, e.g., 
fluorescent labelled, macromoiecular probe 105 can be added to bind to the sample polynucleotide. Detection of fluo- 
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rescence indicates a positive assay. 

In other embodiments, the mesoscaleflow system may include a chamber for separating a selected cell population 
from a biological fluid sample in preparation for downstream analysis of either a macromolecule on or within the cells 
or of a component in the extracellular fluid. The mesoscale separating region includes immobilized binding moieties 

5 capat>le of reverslbly binding a target cell via a characteristic cell surface molecule such as protein. The mesoscale 
dimension of the separation region kinetically enhances binding of the cell and the binding moiety In one embodiment, 
the cells remain immobilized while extracellular fluid fluid flows downstream and is analyzed. In another, flow may be 
continued to wash the cells, e.g., with a flow of buffer. At higher flow rates and pressures, the washed cells are released 
from the separation region and move downstream for analysis. 

10 The devices of the invention also may include cell lysing means in fluid communication with the mesoscale flow 
channel to allow the cells to be lysed prior to analysis for an intracellular molecule such as an mRNA. As illustrated in 
Figure 8, the cell lysing means may comprise cell membrane piercing protrusions 1 24 extending from a surface of a flow 
channel 20. As fluid flow is forced through the piercing protrusion 124. cells are ruptured. Cell debris may be filtered off 
and intracellular analytes may then be analyzed. Sharp edged pieces of a material such as silicon also may be utilized, 

75 trapped with the mesoscale flow system to implement lysis of cells upon the applications of sufficient flow pressure. In 
another embodiment, the flow channel may simply conprise a region of restricted cross-sectional dimension which 
implements cell lysis upon application of sufficient flow pressure. These devices typically are used in connection with 
an appliance which includes means, such as a pump, for forcing the cell containing sample into the cell lysis means to 
cause cell lysis upon application of sufficient flow pressure. In addition, the cell lysis means may comprise a cell lysis 

20 agent. Cell lysing agents known in the art may be utilized. 

As illustrated in Figure 7. the surface of a flow channel 20 may also include protrusions 122 constituting a cellular 
sieve for separating cells by size. As cell samples are flowed, typically under low pressure, through the flow channel, 
only cells capable of passing between the protrusions 122 are permitted to flow through in the flow channel. 

The mesoscale devices also may be utilized to implement enzymatic reactions. Mesoscale enzyme reaction cham- 

25 bers fabricated in the substrate may be temperature controlled to provide optimal tenperatures for enzyme reactions. 
Inlet ports may be provided, In fluid communication with the enzyme reaction chamber, to allow reagents and other 
required enzyme assay components to be added or removed. The assay devices embodying such chambers may be 
nested in an appliance such as appliance 50, illustrated schematically in Rgure 4, having means to regulate the tem- 
perature of the enzyme reaction chambers and to deliver or recover assay components through flow channels 56 in 

30 appliance 50 and ports 1 6 in device 1 0. The appliance may be utilized to implement the timed addition of sample or rea- 
gent fluids to the devices. In order to regulate the temperature of the reaction chambers, the devices may be utilized in 
a nesting site in an appliance utilized in combination with the device. An electrical heating or cooling element may be 
provided in the nesting site for heating or cooling the reaction charnt>er in the device. Alternatively, electrical contacts 
may be provided in the substrate and may be mated with electrical contacts in the appliance to provide electrical resist- 

35 ance heating or cooling of the reaction chamber. 

The polymerase chain reaction (PCR) may be performed in a mesoscale reaction chamber to enable the detection 
of a polynucleotide in a sample. Inlet ports in fluid communication with the reaction chambers permit addition of 
required reagents, such as nucleic acids, primers and Taq polymerase. The chain reaction may be performed, accord- 
ing to methods established In the art (Maniatis et al.. Molecular Q i^ning- a i a horatorv Manual. Cold Spring Hartx)r Lab- 

40 oratory Press, 1989). Methods and apparatus for mesoscale PCR analyses are descn'bed in WO-A-93y22058. 
published November 11, 1993. 

In another embodiment, the devices may be utilized to perform an enzyme reaction in which the mixing and addition 
of sample and reagent components is timed, as is illustrated in the device 10 shown schematically in Figure 21. The 
substrate 14 of device 10 Is microlabricated with inlet ports 16. flow channels 20, the reaction chambers 22A and 22B 

45 and the detection chamber 22C. The reaction chambers 22A, and 22B each comprise a tortuous mesoscale flow chan- 
nel. The path length of the tortuous channel can be designed to permit the timed mixing and addition of sample and 
reagent oonponents. The device may be utilized in combination with an appliance with ports mated to ports in the 
device, capable of delivering and receiving fluids through the flow system of the device, and optionally, capable of opti- 
cally detecting a positive result in the detection chamber. In one embodiment, the diolesterol content of a sample may 

so be assayed. Cholesterol esterase is applied via inlet port 1 6A. and buffer and sanrple are added via inlet ports 1 SB and 
16C. The mixture then flows through channel 20D to the tortuous mixing/reaction channel 22 A. The time of mixing and 
reaction may be predetermined by microfabricating the tortuous channel with the appropriate length. Cholesterol oxi- 
dase is added via port 16D and flows through channel 20Q to the tortuous channel 22B, where the timed mixing and 
reaction of the oxidase with the fluid from channel 22A occurs. A positive result can be detected optically by observing 

55 the detection chamber 22C through an optical window disposed over the substrate. The detection chamber 22C may 
be provided with a binding moiety capable of detectably reacting with the product of the enzyme reaction. The device 
may be applied to a range of clinical enzymatic and other reactions. 

Optionally, depending on the protocol being exploited in the structure of the chip, the appliance may also be 
designed to inject reagents necessary to complete the assay, e.g.. inject a binding protein tagged with an optically 
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detectable moiety, a substrate solution, or other reagents. The pressure of fluid flow in the mesoscale flow channel 20 
in device 10 can be detected by the pressure detectors 54 provided In appliance 50. A miaoprocessor may be included 
in the appliance to assist in the collection of data for one or a series of assays. In order to enhance the accuracy of an 
assay, the substrate may be fabricated to include a control region in the flow system, e.g., a region which does not 
5 include binding moieties, such that the sample is directed to both the detection and control regions. Data obtained from 
sample fluid flowing through the control region may be detected and compared with the data from the sample detection 
region to increase the precision of the assay. 

Example 1 

A multitest device 10 including sut)strate 14, shown schematically in Figure 16. is used to detect the presence of 
an intracellular polynucleotide in a biological cell-containing fluid sample. The device is used in combination with an 
appliance, such as appliance 50. shown in Figure 5. The appliance includes fluid channels with ports, that include 
valves that may be reversibly opened and closed, mated to the ports In device 10, allowing the ports In the device to be 

15 mechanically opened and closed during an assay The appliance also includes means, such as electrical contacts 
mated to contacts imbedded in the substrate 1 4. for regulating the temperature of reaction chambers 1 64 and 1 66. TTie 
appliance further includes a pump to control the flow of fluid through the device 1 0. 

Initially, the valves in the appliance are used to close ports 16C and 16D, while ports 16A and 16B remain open. 
The sample is directed to the sample inlet port 16A by a pump in the appliance, and flows through the mesoscale flow 

20 path 20A to chamber 22A, which contains binding moieties immobilized on the wall of the chambers for selectively bind- 
ing to a surface molecule on a desired cell population. After binding of the desired cell population in chamber 22A, flow 
with buffer is continued, exiting through port 16B. to purify and isolate the cell population. Port 166 is then closed and 
port 16C is opened. Flow Is then inaeased sufficiently to dislodge the Isolated cells from the surface of chamber 22A 
to chamber 22B where membrane piercing protrusions 124 in chamber 22B tear open the cells releasing intracellular 

25 material. 

Sample flow continues past fitter 168. which filters off large cellular membranes and otiier debris, to the mesoscale 
PGR chambers 164 and 166. The valves in the appliance are used to open port 16B and to close port 16A. Taq 
polymerase, primers and other reagents required for the PGR assay are added to chambers 164 and 166 tiirough port 
1 6G from a mated port and flow path in the appliance. A pump in the appliance connected via port 1 6B is used to cycle 

30 the PGR sample and reagents between chambers 1 64 and 1 68. set at 94°G and 65''C respectively, to implement a poly- 
nucleotide dehybrldlzation and polymerization cyde, allowing tiie production and isolation of product polynucleotide. 
The valves in the appliance are used to close port 16G and to open port 16D. The pump in the appliance connected to 
port 16B is used to direct tiie polymerized polynucleotide isolated from the cell population to the fractal detection region 
40, which contains immobilizing binding moieties, such as a complementary polynucleotide probe. Flow restriction in 

35 the fractal region 40 indicates a positive assay for the intracellular polynucleotide. 

Example 2 

A chemiluminescent peroxyoxylate organic phase reaction was conducted in a mesoscale flow channel. A Gya- 
40 lume^ light stick (Aldrich. Milwaukee, Wl) was opened and the mixture of peroxyoxylate and fluorophore (component 
A) were drained into a test tube. The glass vial containing the oxidant was removed and washed with alcohol. The con- 
tents of the vial (component B) were transfen-ed to a test tube. A 1 00 sample of component A and 50 (iL of compo- 
nent B were mixed together to initiate the chemiluminescent reaction. 

A sample of the fluorescent solution was introduced into the central inlet port of chip #6. provided with a chamber 
45 with dimensions of 81 2 ^m in width, 400 fim in depth and 5.2 mm in length, connected to two 20 ^m deep, 1 00 ^m wide, 
3.25 mm long channels. Any excess sample was wiped off the surface of tiie chip, and the chip was placed into a mod- 
ified microwell strip holder. The light emission from the mesoscale flow channel was measured using an Amerlite micro- 
plate reader (Amersham Diagnostics Ltd.. Amersham. UK). A similar experiment was performed using a 300 ^m wide, 
20 \itr] deep mesoscale flow channel (volume 70.2 pL) in chip #5. Light emission (peroxyoxylate chemiluminescence) 
50 was detected and measured in units of RLU (relative light units) from the mesoscale flow channels in the different chips 
using the luminescence microplate reader (Table 1). 



Table 1 



Ghip 


Ghannel Volume 


Light Emission (RLU) 


#6 
#5 


1702 pL 
70.2 pL 


718.26 
35.63 
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Example 3 

5 In an aqueous phase reaction, the chemiluminescent horseradish peroxidase catalyzed oxidation off isolunfiinol was 
examined. TTie luminol-hydrogen peroxide reagent was prepared as follows: Sodium luminol (12.5 mg) was dissolved 
in 50 mL of Tris buffer (0. 1 mol/L, pH 8.6). 1 5.5 |iL of hydrogen peroxide (30% w/v) was mixed with 0.5 mL of Tris buffer 
(0.1 mol/L, pH 8.6). These two solutions were combined and protected from light. The luminol-hydrogen peroxide rea- 
gent (100 ^L). 5 of 4-iodophenol ((Aldrich) (1 mg/ml in 0.1 mot/L Tris buffer, pl-i 8.6), and 10 of a dilution of horse- 

10 radish peroxidase (Type VIA. 1 mg/mL) in Tris buffer (0.1 mol/L, pH 8.6) were mixed together. A sample of this solution 
was introduced into the central chamber of chip #6 or into the 300 ^m channel of chip #5. The light emission was then 
measured using the /\merlite microplate reader. 

The chemiluminescence emission from the horseradish peroxidase catalyzed oxidation of luminol in the different 
mesoscale channels was detected using the luminescence microplate reader. A peroxidase assay using dilutions of the 

IS stock peroxidase gave a dose dependent relationship (Table 2). 



Table 2 



Chip 


Channel Volume 


Peroxidase dilution 


Light Emission (RLU) 


#6. 


1702pL 


undiluted 


0.18* 






1:10 


4.68 






1:100 


2.23 






1:1000 


1.82 


#5 ■ 


70.2 pL 


undiluted 


2.09 



* Low light level because of substrate exhaustion. 
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Example 4 

35 Chemiluminescent reactions in the mesoscale flow channels were detected photographically Mesoscale channels 
of chip #6 were filled with the peroxyoxylate or horseradish peroxidase (10 ^g/mL)- tuminol-peroxide reaction mixtures 
as described in Examples 2 and 3. The light emission was detected by contacting the chip with instant photographic film 
(Polaroid, Type 612) in a camera luminometer (Wolfson Applied Technology. Birmingham, UK). Light emission from the 
different chemiluminescent reactions in the mesoscale flow channels was detected using high speed instant photo- 

40 graphic film (Table 3). TTie lower light Intensity from the peroxidase reaction required a longer exposure time. 



Table 3 





Exposure Time 


Detected (D) Not 






Detected (ND) 


Peroxyoxylate reaction 


1 second 


D 




5 minutes* 


D 


Horseradish peroxidase reaction 


10 minutes 


D 



* After 2 day incubation at room temperature. 
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Claims 

1 . A device (1 0) for detecting an analyte in a cell-containing fluid sample wherein the analyte is capable of specifically 
binding to an analyte-specific binding moiety, the device comprising: 
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a solid substrate (14) fabricated to def ine: 

a sample inlet port (16); and 

a mesoscale flow system (40) comprising: 

5 

a sample flow channel (20) extending from said inlet port; and 

an analyte detection region (22), in fluid communication with said flow channel (20). conprising said 
analyte-specific binding moiety for specifically binding said analyte, and at least a portion of said 
detection region (22) having a depth on the order of 0.1 to SOOfim; 
10 a cell separation region (22A. 22B), upstream from said detection region (22). comprising a cell-spe- 

cific binding moiety for binding a cell surface molecule of a cell population in said fluid sample, immo- 
bilised in said separation region; 

means for inducing flow of said sample to said separation region; and 

means for detecting the binding of the analyte to the analyte-specif ic moiety, thereby to determine the 
IS presence of the analyte. 

2. The device of claim 1 , wherein said analyte specific binding moiety is immobilised in said detection region (22). 

3. The device of daim 1 or claim 2 further comprising: 

20 

a control region in fluid communication with said sample inlet port (1 6) and wherein said detecting means com- 
prises: 

a window for optically probing said detection region, disposed over said detection region (22) on said sub- 
25 strata (14); and 

a confrol region window, disposed over said control region on said subsfrate. for optically probing said con- 
frol region. ... 

4. The device of any one of claims 1 to 3, wherein the analyte is an intracellular molecular component in a cell-oon* 
30 taining liquid biological sample, the device further comprising: 

cell lysing means (124) in said mesoscale flow system (40) in fluid communication with said flow channel (20); 
and 

means for engaging said cells in said cell-containing sanple within said subsfrate with said cell lysing means 
35 thereby to release said intracellular molecular component. 

5. TTie device of any one of the preceding claims further comprising: 

an appliance for use in combination with said subsfrate, said appliance comprising: 

40 

means for holding said substrate; and 

optical means for viewing the contents off said mesoscale flow system in said substrate. 

6. TTie device of claim 5. wherein said optical means comprises magnifying optics and a video camera, and wherein 
45 said appliance further comprises: 

a tilt mechanism for manually adjusting the angle and location of the device; and 
a video screen for viewing the contents of said flow system. 

so 7. Hie device of any one of daim 1 to 4 further comprising: 

an appliance for use with the analytical device, said appliance comprising: 

means for holding said subsfrate; 
55 fluid input means interfitting with an inlet port on said substrate; and 

pump means for passing fluid through the flow system of said subsfrate when held in said holding means. 

8. The device of daim 7. wherein said appliance further comprises: 
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a reservoir containing a labelled binding moiety capable of binding analyte in said sample; and 
means for delivering the labelled binding moiety to said flow system. 

9. The device of any one of the preceding claims wherein said detection region (22) further comprises a tortuous mes- 
oscale flow channel. miaoWricated with a length allowing the timed mixing of fluid flowing through said tortuous 
channel. 

10. Hie device of any one of the preceding claims, wherein the analyte-specific binding moiety is labelled. 

1 1 . A method for detecting the presence of an analyte in a fluid sample, the method comprising the steps of: 

(i) providing the device (10) of any one of the preceding claims; 

(ii) delivering a sample to said inlet port (16) and through said flow system (40) to said detection region (22) in 
said device; and 

Oil) detecting the binding of an analyte to said analyte-specif ic binding moiety in said detection region with said 
detecting means in said device, thereby to determine the presence of the analyte. 

PatentansprQche 

1 . Vorrichtung (10) zum Detektieren eines Analyten in einer zellhaltigen Flussigkeitsprobe. wobei der Analyt fahig ist. 
sich spezrfisch an eine analytenspezifische Bindegruppe zu binden und wobei die Vorrichtung folgendes umfasst: 

ein festes Substrat (14), das ausgebildet ist. folgendes zu definieren: 

eine ProbeneinbringOffnung (16); und 

ein Mesoscale-Strdmungssystem (40). umfassend: 

einen ProbenstrOmkanal (20), der sich von der EinbringOffnung weg erstreckt; und 

einen Analytendetektionsbereich (22) in Fiussigkeitskommunikation mrtdem StrOmkanal (20). um^s- 
send die analytenspezifische Bindegruppe zur spezifischen Bindung des Analyten und zumindest 
einen Abschnitt des Detektionsbereichs (22), der eine Tiefe in der GrdBenordnung von 0,1 bis 500 ^m 
aufweist; 

einen Zellenabtrennbereich (22A, 22B) stromaufwarts vom Detektionsbereich (22), umfassend eine 
zellspezlfische Bindegruppe zur Bindung eines Zelloberfldchenmolekuls einer Zelipopulation in der 
FIQssigkeitsprobe. welche Bindegruppe im Abtrennbereich immobilisiert ist; 

ein Mittel. das das Strdmen der Probe zum Abtrennbereich bewirkt; und 

ein Mittel zum Detektieren der Bindung des Analyten an die analytenspezifische Gruppe, um dadurch 
das Vorhandensein des Analyten zu bestimmen. 

2. Vorrichtung nach Anspruch 1 , worin die analytenspezifische Bindegruppe im Detektionsbereich (22) immobilisiert 
ist. 

3. Vonrichtung nach Anspruch 1 Oder 2, welters umfassend: 

einen Steuerbereich in FIQssigkeitskommunikation mit der ProbeneinbringOffnung (16). worin das Detektions- 
mittel folgendes umfasst: 

ein Fenster zum optischen Sondieren des Detektionsbereichs, das uber dem Detektionsbereich (22) auf 
dem Substrat (14) angeordnet ist; und 

ein Steuerbereichsfenster, das uber dem Steuerbereich auf dem Substrat angeordnet ist. um den Steuer- 
bereich optisch zu sondieren. 

4. Vorrichtung nach einem der Anspruche 1 bis 3. worin der Analyt eine intrazelluldre molekulare Kbmponente in einer 
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zellhaltigen, flussigen. biologischen Probe ist. wobei die Vorrichtung welters umfasst: 

ein Zelllysemittel (124) im Mesoscale-StrOmungssystem (40) in FIQssigkettskommunikation mitdem StrOmka- 
nal (20): und 

ein Mittel zum Zusammenbringen der Zellen in der zellhaltigen Probe innerhalb des das Zelllysemittel enthal- 
tenden Substrats. urn dadurch die intrazelluldre molekulare Komponente freizusetzen. 

5. Von^ichtung nach einem der vorhergehenden Anspruche, weiters umlassend: 

ein Gerat zur Venwendung In Kombination mit dem Substrat. wobei das Gerat fblgendes umfasst: 
ein Mittel zum Halten des Substrats; und 

ein optisches Mittel zum Beobachten des Inhalts des Mesoscale-StrOmungssystems im Substrat 

6. Von'ichtung nach Anspruch 5, worin das optische Mittel eine VergrOBerungsoptik und eine Videokamera umfasst 
und das Gerat weiters Iblgendes umfasst: 

einen Neigungsmechanismus zum hSndischen Einstellen des Winkels und Standorts der Vorrichtung; und 

einen Bildschirm zum Beobachten des Inhalts des StrOmungssystems. 

7. Vorrichtung nach einem der Anspruche 1 bis 4, weiters umfassend: 

ein Gerat zur Venwendung mit der analytischen Vorrichtung, umfassend: 
ein Mittel zum Halten des Substrats; 

ein Flusslgkeitszufuhrmittel, das mit einer EinbringOffnung auf dem Substrat zusammenpasst; und 

ein Pumpenmittel, urn FIQssigkert durch das StrOmungssystem des Substrats hindurchzuschicken. wenn 
es im Halterungsmittel gehalten wird. 

8. Vonrichtung nach Anspruch 7, worin das Gerat weiters fblgendes umtest: 

einen Speicherbehaiter, der eine markierte Bindegruppe enthait die Analyten in der Probe binden kann; und 
ein Mittel zur Zufuhr der markierten Bindegruppe zum StrOmungssystem. 

9. Vonrichtung nach einem der vorhergehenden Anspruche. worin der Detektionsbereich (22) weiters einen gewunde- 
nen Mesoscate-StrOmkanal umfasst. der mit einer Lange mikrofabriziert ist, die das zeitlich abgestimmte Vermi- 
schen der durch den gewundenen Kanal strOmenden Flussigkeit ermOglicht. 

10. Vonrichtung nach einem der vorhergehenden Anspruche, worin die analytenspezifische Bindegruppe markiert ist. 

1 1 . Verfahren zum Detektieren des Vorhandenseins eines Analyten in einer Russlgkeitsprobe, wobei das Verfahren die 
fblgenden Schritte umfasst: 

(i) Bereitstellen der Vomchtung (10) nach einem der vorhergehenden AnsprQche; 

(ii) Zufuhren einer Probe zur Einbringdffnung (16) und durch das StrOmungssystem (40) zum Detektionsbe- 
reich (22) in der Vomchtung; und 

(iii) Detektieren der Bindung eines Analyten an die analytenspezifische Bindegruppe im Detektionsbereich mit 
dem Detektiermittel im Gerdt, um dadurch das Vorhandensein des Analyten zu bestimmen. 
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Revendications 

1 . Dispdsitif (1 0) pour d^tecter un analyte dans un §chanti1lon de f luide contenant des cellules ou Tanalyte est capable 
de se lier sp^c'rfiquement k une ent'rt^ de liaison sp^cifique de I'analyte, le dispositif comprenant : 

un substrat solide (14) usin^ pour d6finir : 

un orifice d'entr^ de T^chantillon (16): et 

un syst^me d'6coulement k r^chelle (40) comprenant : 

un canal d'^coulement de r^chantillon (20) s'^tendant k partir dudit orifice d'entr^e; et 

une region de detection de Tanalyte (22) en communication de fluide avec ledit canal d*^ulement 
(20) conprenant ladite entity de liaison sp^rfique de Tanalyte pour lier sp^cifiquement ledit analyte et 
au moins une portion de ladite region de d^ection (22) ayant une profondeur de Tordre de 0,1 k 500 
|im; 

une region de separation des cellules (22 A, 22 B) en amont de ladite region de detection (22). com- 
prenant une entity de liaison sp^cifique des cellules pour lier une molecule de surface de cellule d'une 
population de cellules dans ledit 6chantillon de fluide, lmmobilis6e dans ladite region de s^ration; 

un moyen pour induire r^ooulement dudit 6diantillon vers ladite region de s^ration; et 

un moyen pour d^tecter la liaison de Tanalyte k Tentit^ specif ique de I'analyte pour ainsi determiner la 
presence de I'analyte; 

2. Dispositif de la revendication 1 , ou ladite entity de liaison specif ique de Tanalyte est immobilis^e dans ladite region 
de detection (22). 

3. Dispositif de la revendication 1 ou de la revendication 2, comprenant de plus : 

une region de contrdle en communication de fluide avec ledit orifice d'entree de rechantillon (16) et ou ledit 
moyen de detection comprend : 

une fenetre pour sender optiquement ladite region de detection, disposee au<lessus de ladite region de 
detection (22) sur ledit substrat (14); et 

une fenetre de region de contrOle disposee au-dessus de ladite region de contrdle sur ledit substrat pour 
sonder optiquement ladite region de contrdle. 

4. Dispositif selon Tune quelconque des revendications 1 ^ 3. ou I'analyte est un composant moieculaire intracellulaire 
dans un echantillon bioiog'que iiquide contenant des cellules, le dispositif comprenant de plus : 

un moyen de lyse des cellules (124) dans ledit systeme d'ecoulement (40) k rechelle meso en communication 
de fluide avec ledit canal d'ecoulement (20); et 

un moyen pour engager lesdites cellules dans ledit echantillon contenant des cellules dans ledit sut>strat avec 
ledit moyen de lyse des cellules pour ainsi liberer ledit composant moieculaire intracellulaire. 

5. Dispositif selon I'une quelconque des revendications precedentes comprenant de plus : 

un appareil k utiliser en combinaison avec ledit substrat, ledit appareil conprenant : 
un moyen pour maintenir ledit substrat; et 

un moyen optique pour voir les contenus dudit systeme d'ecoulement k rechelle meso dans ledit substrat. 

6. Dispositif de la revendication 5. ou ledit moyen optique comprend de Toptique d'agrandissement et une camera 
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vid^o et ou ledit appareil comprend de plus : 

un mtonisme de basculement pour ajuster manuellement Tangle et remplacement du dispositif ; et 
un ^ran vid6o pour voir les oorttenus dudit syst^me d'^coulement. 

7. Dispositif selon I'une quelconque des revendications 1 k 4, cx)mprenant de plus : 

un appareil k utiliser avec le dispositif analytique, ledit appareil comprenant : 
un moyen pour maintenir ledit suk)strat; 

un moyen d*entr6e de f luide collaborant avec un orifice d*entr^e sur ledit substrat; et 

un moyen formant pompe pour faire passer le fluide k travens le syst^me d*6coulement dudit substrat 
quand 11 est maintenu dans ledit moyen de maintien. 

8. Dispositif de la revendication 7, ou ledit appareil comprend de plus : 

un r^ervoir contenant une entity de liaison marquee capable de lier Tanalyte dans ledit ^chantillon; et 
un moyen pour d^livrer TentrtS de liaison marquee audit syst^me d^ulement 

9. Dispositif selon Cune quelconque des revendications pr^^entes ou ladite region de detection (22) comprend de 
plus un canal d'^coulement tortueux k I'^chelle m6so, micro-usin^ k une longueur permettant le melange tempo- 
rise du fluide s*^ulant k travers ledit canal tortueux. 

10. Dispositif selon I'une quelconque des revendications pr^^entes. ou Tentit^ de liaison specif ique de Tanalyte est 
marquee. 

11. M§thode pour d^tecter la pr^ence d'un analyte dans un ^hantillon de fluide, la m§thode comprenant les §tapes 
de: 

(i) pr^voir le dispositif (10) selon Tune quelconque des revendications pr6c6dentes; 

(ii) d^livrer un 6chantillon audit orifice d'entr^e (16) et par ledit syst^me d*^ulement (40) k ladite r^ion de 
detection (22) dans ledit dispositif; et 

detection avec ledit moyen de detection dans ledit dispositif pour ainsi detenniner la presence de I'analyte. 
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Description 

^0001] This invention relates to a cell potential meas- 
urement apparatus which is used in the field of electro- 
neurophysiology for measuring the potential change as- s 
sociated with activities of nerve cells or nerve organs. 
[0002] Recently, medical investigations into nerve 
cells and the possibility of using nerve cells as electric 
elements have been actively pursued. When nerve cells 
are active, an action potential is generated. This action 
potential arises from a change in ion concentration in- 
side and outside the cell membrane which is accompa- 
nied by a change in ion permeability in nerve cells and 
thus from the change in cell membrane potential accom- 
panied thereby. Therefore, measuring this potential 
change accompanied by the ion concentration change 
(that is. the ion current) near the nerve cells with elec- 
trodes enables the detection of activities of nerve cells 
or nerve organs. 

[0003] In order to measure the above-mentioned po- 
tential arising from cell activities, it is possible, for ex- 
ample, to insert an electrode comprising glass into an 
area of cells to measure the extracellular potential. 
When the evoked potential due to stimulation is meas- 
ured, a metal electrode for stimulation is inserted togeth- 
er with a glass electrode for recording. However, meas- 
urement by the insertion of these electrodes has the 
possiblity of damaging the cells, and measurement over 
a long period of time is difficult to carry out. In addition, 
due to restrictions of space and the need for operating 
accuracy, multi-point simultaneous measurements are 
also difficult to carry out. 

[0004] Therefore, the present inventors developed a 
planar electrode comprising an insulation substrate and 
a multiplicity of microelectrodes, their conductive pat- 
terns being formed thereon with the use of a conductive 
material, and a cell culture could be placed on that sur- 
face (disclosed in Laid-open Japanese patent applica- 
tion Nos. (Tokkai Hei) 6-78889 and 6-296595). With this 
planar electrode, multi-point simultaneous measure- 
ments of potential change can be carried out without be- 
ing affected by restrictions of space at a plurality of 
points with a short electrode-to-electrode distance. Al- 
so, this electrode enables long-term measurement. 
[0005] An apparatus for cell potential measurement is 
described in BIOSENSORS & BIOELECTRONICS, vol. 
9, no. 1994, 1994, AMSTERDAM NL, pages 737-741, 
W. NISCH ET AL.: 'A thin film microelectrode array for 
monitoring extracellular neuronal activity in vitro'. This 
apparatus uses a microelectrode array being provided 
on a glass substrate. By using this apparatus neuronal 
electrical activity can be recorded and analyzed. 
[0006] In EP-0 585 933 A2 a planar electrode has 
been described. This planar electrode enables multi- 
point simultaneous stimulation and measurement of 
nerve cells as well as signal transmission and observa- 
tion throughout many cells. 

[0007] However, a measurement apparatus which 



can efficiently use this kind of planar electrode, conduct 
measurements accurately and efficiently, and improve 
the measurement results has been strongly desired. 
Therefore, it is an object of this invention to provide a 
cell potential measurement apparatus which is capable 
of accomplishing these needs in the art. 
[0008] In order to accomplish these and other objects 
and advantages, a cell potential measurement appara- 
tus of this invention comprises the features of claim 1. 
[0009] It is preferable that the cell potential measure- 
ment apparatus of this invention further comprises an 
optical observation means for observing the cells opti- 
cally. It is also preferable that the cell potential meas- 
urement apparatus of this invention further comprises a 
cell culturing means for maintaining an environment for 
culturing cells which are placed on the integrated cell 
holding instrument. This configuration enables meas- 
urement over a long period of time. 
[0010] Generally, the measurement conducted by. 
means of the above-configured apparatus of this inven- 
tion is carried out, for example, in the following steps. 
Sample cells are placed in a cell holding part of an inte- 
grated cell holding instrument, and a plurality of micro- 
electrodes contact the cells. 

[001 1] An image of the cells is obtained by an optical 
observation means. A stimulation signal is applied be- 
tween a pair of electrodes selected optionally from the 
plurality of microelectrodes by a stimulation signal sup- 
ply means via an electric connection means. A change 
of the evoked potential over time which is obtained in 
each of the other electrodes is provided to a signal 
processing means via the electric connection means, 
which is then output, for example, to a display device 
etc. after going through the necessary signal process- 
ing. The measurement of the spontaneous potential 
which is not provided with a stimulation signal is carried 
out in a similar way. 

[001 2] The above-mentioned electro-chemical meas- 
urement of cells must be conducted in a condition in 
which the cells are alive. Therefore, it is common to use 
cultured cells, and the cell holding part of the integrated 
cell holding instrument can be equipped with a culture 
medium. Since the integrated cell holding instrument Is 
detachable from the measurement apparatus, each in- 
tegrated cell holding instrument can be placed inside an 
ordinary incubator for cell cultures and then taken out 
from the incubator and placed in the measurement ap- 
paratus. When a cell culturing means is further provided 
to maintain an environment for culturing the cells on the 
integrated cell holding instrument, long-term measure- 
ment is enabled. This cell culturing means comprises a 
temperature adjustment means for maintaining-a -con- 
stant temperature, a means for circulating a culture so- 
lution, and a means for supplying a mixed gas of air and 
carbon dioxide (e.g., CO2 5%). 
[0013] It is preferable that the integrated cell holding 
instrument comprises a plurality of microelectrodes ar- 
ranged in a matrix form (latticed) on the surface of a 
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glass plate, conductive patterns for drawing these mi- 
croeleotrodes, electric contact points which are con- 
nected to edge parts of these conductive patterns, and 
a coating of insulation covering the surface of these con- 
ductive patterns, and the cell holding part is disposed in 
an area including the plurality of microelectrodes. 
[0014] The use of a transparent glass piate as the 
substrate faciliates optical observations of the celts. 
Therefore, it is preferable that the conductive patterns 
or the insulation coating are also substantially transpar- 
ent or translucent. Furthermore, when the plurality of mi- 
croelectrodes is arranged in a matrix form, it is easier to 
specify positions of electrodes which are applied with 
stimulation signals or electrodes where voltage signals 
arising from cell acitivities are detected. For example, it 
is preferable to arrange 64 microelectrodes in 8 columns 
and 8 rows. In addition, the surface area of each elec- 
trode should be as great as possible for reducing sur- 
face resistance and enhancing detection sensitivity. 
However, taking restrictions etc. arising from the elec- 
trode-to-electrode distance and space resolution of 
measurement into consideration, it is preferable that 
each electrode has a surface area of from 4 x 102p,m2 
to 4 X 10Vm2. 

[0015] According to the configuration of the invention, 
fixation of the glass plate and routing the microelec- 
trodes to the outside can be performed easily and ac- 
curately. Furthermore, it is preferable that the electric 
connection means not only fixes the holder, but also 
comprises a printed circuit board having an outside con- 
nection pattern which Is connected to the contact of the 
holder via a connector. As a result, connection with out- 
side instruments, namely, with a stimulation signal sup- 
ply means and a signal processing means is facilitated. 
For the transmission of stimulation signals or detection 
signals with as little attenuation and distortion as possi- 
ble, the contact resistance of the electric contact point 
with the contact as well as the contact resistance of the 
contact with the connector are both preferably below 30 
m ohm. 

[0016] In addition, it is preferable that the optical ob- 
servation means comprises an optical microscope, and 
an image pick-up device and an image display device 
connected to the optical microscope. In other words, the 
Image of the cells which is enlarged by a microscope is 
picked up by an image pick-up device (e.g., video cam- 
era) and then displayed in an image display device (e. 
g., a high-accuracy display), so that it Is easier to con- 
duct the measurement while observing the cells and the 
electrode position. More preferably, when the optical ob- 
servation means is further comprised of an image stor- 
-age<levice, it is possible to record measurement results. 
[0017] Also, when a pulse signal generator is used as 
the stimulation signal supply means, various kinds of 
signal waveforms can be applied as stimulation signals 
to the cells. It is preferable that the signal processing 
means comprises a multi-channel amplifier which am- 
plifies a detection signal arising from cell activities and 



a multi-channel display device which displays an ampli- 
fied signal waveform in real-time, and that signal wave- 
forms (change of cell potential over time) obtained from 
a plurality of electrodes can be displayed simultaneous- 
5 ly. 

[0018] It is preferable that a computer is provided to 
output the stimulation signal via a D/A converter, and at 
the same time, to receive and process an output signal 
arising from electric physiological activities of the cells 

10 via an AID converter. As a result, the stimulation signal 
can be determined as an optional waveform on the 
screen or a waveform of a detection signal can be dis- 
played on the screen. In addition to these operations, it 
is easier to display these signals after being processed 

15 in various forms or to output them to a plotter or to store 
them. Furthermore, with the use of this computer, the 
optical observation means and the cell culturing means 
can be controlled. 

[0019] FIG. 1 is a perspective view showing an inte- 
20 grated cell holding instrument used for a ceil potential 
measurement apparatus in one embodiment of this in- 
vention. 

[0020] FIG. 2 is an assembly diagram of an Integrated 
cell holding instrument. 
25 [0021] FIG. 3 is a top view showing 64 microelec- 
trodes and conductive pattems disposed In the center 
of a planar electrode comprising an Integrated ceil hold- 
ing instrument. 

[0022] FIG. 4 is a model cross-sectional view of a pla- 
30 nar electrode. 

[0023] FIGS. 5 (A) and 5 (B) are a top view and a side 
cross-sectional view showing a state In which a planar 
electrode is fixed by being held between upper and low- 
er holders. 

35 [0024] FIG. 6 Is a perspective view of the planar elec- 
trode and the upper and lower holders of FIGS. 5 (A) 
and 5 (B). 

[0025] FIG. 7 is a side view of a contact attached to 
an upper holder. 
40 [0026] FIG. 8 is an assembly diagram of an integrated 
cell holding instrument seen from an opposite direction 
of FIG. 2. 

[0027] FIG. 9 is a block diagram of a cell potential 
measurement apparatus in one embodiment of this in- 

45 vention. 

[0028] FIGS. 10 (A) and 10 (B) are graphs showing 
one comparative example of a voltage waveform arising 
from activities of cultured cells measured by means of 
an integrated cell holding instrument used in this inven- 

50 tion and a voltage waveform measured by means of a 
conventional general purpose glass electrode (elec- 
- -trode for measurement of-extracellular-potential). - - 
[0029] FIGS. 11 (A) to 11 (C) are diagrams showing 
measurement results of the spontaneous potential of 

55 cultured cells measured by using an apparatus of this 
invention. 

[0030] FIGS. 12 (A) to 12 (C) are diagrams showing 
measurement results of the evoked potential of cultured 
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cells measured by using an apparatus of this invention. 
[0031]. This Invention will now be described in detail 
by refen-ing to the attached figures and the following ex- 
amples,. The examples are illustrative and should not 
be construed as limiting the invention in any way. 
[0032] First, an integrated cell holding instrument 
used for a cell potential measurement apparatus of this 
invention will be explained. The Integrated cell holding 
instrument 1, as shown as a perspective view in FIG. 1 
and as an assembly diagram in FIG. 2, comprises a pla- 
nar electrode 2. which is disposed with a plurality of ml- 
croelectrodes and their conductive patterns on the sur- 
face of a glass plate, half-split holders 3, 4 for fixing the 
planar electrode 2 by holding it from the top and bottom, 
and a printed circuit board 5 on which these holders are 
fixed. 

[0033] The planar electrode 2 is approximately the 
same as that disclosed in Laid-open Japanese patent 
application No. (Tokkai Hei) 6-78889 and others. The 
planar electrode 2 comprises, for example, a substrate 
made of a transparent plexiglass having a thickness of 
1.1 mm and a size of 50 x 50 mm, and in the center of 
this substrate, 64 microelectrodes 11 are formed in a 
matrix form of 8 x 8. and each microelectrode is con- 
nected to a conductive pattern 12 (cf. FIG. 3). Each of 
the electrodes 1 1 has a size of 50 x 50 square (area 
25 X 102fim2), and the center-to-center distance be- 
tween adjacent electrodes is ISO^m. Furthermore, each 
side of the substrate has 16 electric contact points 7 to- 
talling to 64 points (cf. FIG. 2). These electric contact 
points 7 are connected with the 64 microelectrodes 11 
disposed in the center of the substrate to correspond 1 
to 1 to the conductive patterns 12. The 16 electric con- 
tact points 7 on each side are arranged with a pitch of 
1 .27 mm. Next, a method of manufacturing this planar 
electrode 2 will be explained based on its cross-section- 
al view shown as FIG. 4. Each part in FIG. 4 is shown 
in an enlarged scale for convenience. 
[0034] ITO (indium tin oxide), for example, is applied 
to fomri a layer of 150 nm thickness on the surface of a 
glass plate 13, which is then formed into the conductive 
patterns 12 using a photoresist and etching. On top of 
this layer, a negative photosensitive polylmide is applied 
to form a layer of 1 .4p,m thickness, which is then formed 
into an Insulation film 14 in a similar manner. The ITO 
layer is exposed at the microelectrodes, and at the elec- 
tric contact points, and nickel 15 of 500 nm thickness 
and gold 16 of 50 nm thickness, are coated on these 
parts. A cylindrical polystyrene frame 6 (cf. FIG. 2) with 
an inner diameter of 22 mm, an outer diameter of 26 
mm, and a height of 8 mm is adhered (via a conductive 
- pattem 8 and an insulation-film 9) on the glass plate-13 
using a silicone adhesive. This cylindrical polystyrene 
frame 6 is fixed with its center matching the center of 
the glass plate 13, that is, the central part of the 64 mi- 
croelectrodes, and the inside of the polystyrene frame 
6 becomes a cell holding part. The inside of this poly- 
styrene frame 6 Is filled with a solution comprising 1 wt. 



% of chloroplatlnic acid, 0.01 wt.% of lead acetate, and 
0.0025 wt.% of hydrochloric acid. An electric current of 
20 mA/cm2 is generated for 1 minute to deposit platinum 
black 11a on the surface of the gold plating of the mi- 

5 croelectrodes. 

[0035] Next, the half-split holders 3. 4 for fixing the 
planar electrode 2 by holding from the top and bottom 
will be explained. The holders 3, 4 made, for example, 
of resin are provided with a stage part for holding a frame 

^0 part of the planar electrode 2 and with a rectangular 
opening in the central part, as shown In FIG. 2. The up- 
per holder 3 is equipped with a pair of fixtures 8 and 16 
X 4 pairs of contacts 9. 

[0036] A top view of the holders 3, 4 which hold and 
15 fix the planar electrode 2 is shown in FIG. 5 (A), and its 
side view (B-B cross-sectional view) is shown in FIG. 5 
(B), and its perspective view seen from a bottom side is 
shown in FIG. 6. As cleariy shown in these figures, the 
fixture 8 is pivoted on two opposing sides of the upper 
20 holder 3 by an axis pin 8a. Furthermore, a groove 4a.is 
formed on two opposing sides of the lower holder 4 in 
the bottom face. By fitting a convex part 8b of the fixture 
8 into the groove 4a, the upper and the lower holders 3, 
4 are firmly fixed with the planar electrode 2 held in be- 
25 tween. 

[0037] The 64 contacts 9, which are disposed in the 
upper holder 3 to correspond to the electric contact 
points 7 of the planar electrode 2, are formed by 
processing an elastic, conducting metal plate such as a 

30 plate comprising BeCu coated with Ni and Au, and the 
contact 9 has a shape shown In FIG. 7. In other words, 
the contact 9 is comprised of a pin part 9a, and its base 
part 9b, and a movable contact part 9d extending from 
the base part 9b via a curved part 9c. According to this 

35 structure, the movable contact part 9d is capable of elas- 
tic displacement against the base part 9b. The upper 
holder 3 has 64 (16 x 4) holes which are inserted with 
the pin parts 9a of the contacts 9, and the same number 
of grooves are also formed which fit the base parts 9b. 

40 [0038] As shown in FIG. 2 and FIG. 5 (B), the pin part 
9a protrudes from the upper holder 3 at the point where 
the contact 9 is inserted Into the above-mentioned hole 
and the groove and fixed. By alternately arranging the 
contacts 9 having two different lengths of the base part 

45 9b, 16 pin parts 9a protruding from the upper holder 3 
are lined in two staggered rows. This pin part 9a is con- 
nected to a connector which is mounted on a printed 
circuit board 5 used for connection with the outside. 
[0039] On the other hand, the movable contact part 

50 9d of the contact 9 protrudes from the bottom face of the 
upper holder 3 at the point where the contact 9 Is insert- 

ed into the holder and the groove of the upper- holder 3- 

and fixed. This arrangement is shown in FIG. 8, which 
is an assembly diagram seen from the side opposite the 

55 assembly diagram of FIG. 2. In this state, the planar 
electrode 2 is fixed between the holders 3, 4, the mov- 
able contact part 9d of each contact 9 touches the elec- 
tric contact point 7 of the planar electrode 2, and a pre- 
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determined contact pressure is exerted on the contact 
part due to elastic deformation of the curved part 9c. In 
this way, the electric contact point 7, which is connected 
to the microelectrode 1 1 of the planar electrode 2 by way 
of the conductive pattem 12, is electrically connected 
with small contact resistance (less than 30 m ohm) to 
the contact 9. 

[0040] Next, the printed circuit board 5 will be ex- 
plained. This printed circuit board 5 serves not only for 
fixing the assembly of the planar electrode 2 and the 
holders 3, 4, but also for routing an electrical connection 
via a connector to the outside, starting from the micro- 
electrode 11 of the planar electrode 2 via the conductive 
pattern 12 via the electric contact point 7 to the contact 
9. Furthermore, this printed circuit board 5 facilitates 
handling procedures, for example, installation to the 
measurement apparatus. 

[0041] This printed circuit board 5 comprises a glass 
epoxy substrate disposed with double-faced patterns, 
and on the back face shown in FIG. 8, a connector 5a 
is disposed at four parts surrounding a circular opening 
formed in the center. By inserting the 16 pin parts 9a 
which are protruding in two staggered rows from the four 
surface parts of the upper holder 3 into each corre- 
sponding connector 5a, the assembly of the planar elec- 
trode 2 and the holders 3, 4 is fixed at the printed circuit 
board 5, and at the same time, they are connected elec- 
trically. 

[0042] At an edge part 5b on both sides of the printed 
circuit board 5, electric contact points are formed at 2.54 
mm pitch used for a double-faced connector edge, and 
these electric contact points and the connectors 5a in 
the central part are connected by conductive patterns 
5c. An inner row of the double-sided connector 5a is 
formed by a surface pattem, whereas an outer row is 
formed by a back side pattern, and each of the edge 
parts 5b is provided with 32 electric contact points 
formed for both sides together, totalling 64 electric con- 
tact points. For the purpose of assuring mechanical fix- 
ation, the upper holder 3 can be fixed to the printed cir- 
cuit board 5 using a vise. 

[0043] A preferable configuration of a cell potential 
measurement apparatus using the above-configured in- 
tegrated cell holding instrument 1 is shown in FIG. 9. 
The measurement apparatus of this embodiment com- 
prises the above-mentioned integrated cell holding in- 
strument 1, an optical observation means 20 including 
an inverted microscope 21 for optical observations of 
cells which are placed in this integrated cell holding in- 
strument 1, a computer 30 Including a means of provid- 
ing a stimulation signal to the cells and a means of 
-processing an output-signat-frem- the cells, and a cell 
culturing means 40 for maintaining a suitable culture 
medium for the cells. 

[0044] Besides the inverted microscope 21 (for exam- 
ple, "IMT-2-F" or "1X70" manufactured by OLYMPUS 
OPTICAL CO., LTD.) where the integrated cell holding 
instrument 1 is installed, the optical observation means 



20 also includes a SIT camera 22 used for a microscope 
(for example, "C2400-08" manufactured by HAMAMAT- 
SU PHOTONICS K.K.). a high-accurate display 23, and 
an image filing device 24 (for example, "TQ-2600" or 

5 "FTQ-3100" manufactured by MATSUSHITA ELEC- 
TRIC INDUSTRIAL CO., LTD.). A SIT camera is a gen- 
eral term used for cameras which apply a static induc- 
tion transistor to an image pickup tube, a SIT camera 
being a representative example of sensitive cameras. 

10 However, the high-accuracy display 23 can be used also 
as a display for the computer 30. The specific devices 
described above in parenthesis are illustrative exam- 
ples, and the invention is not limited to these devices 
only. This is also tme for the examples shown in the fol- 

15 lowing. 

[0045] As for the computer 30, a personal computer 
(for example, compatible with WINDOWS) is used 
which is mounted with an AID conversion board and 
software for measurement. The A/D conversion board 
20 includes an A/D converter 31 and a D/A converter 32 
shown in FIG. 9. The A/D converter 31 has 16 bits and 
64 channels, and the D/A converter 32 has 16 bits and 
8 channels. 

[0046] The measuring software includes software for 
25 determining conditions needed for providing a stimula- 
tion signal or recording conditions of an obtained detec- 
tion signal. With the use of this type of software, the com- 
puter 30 is not only capable of structuring the means of 
providing a stimulation signal to the cells and the means 
30 of processing the detection signal from the cells, but also 
is capable of controlling the optical observation means 
(the SIT camera and the image filing device) or the cell 
culturing means. 

[0047] In the following, particulariy useful specifica- 
35 tions for the software for measurement will be explained. 
On a computer screen directed to parameter setting, it 
is possible to determine complicated stimulation condi- 
tions by drawing a stimulation waveform on the screen 
using a keyboard or a mouse. Furthermore, recording 
40 conditions are determined such that 64 input channels, 
a sampling rate of 10 kHz, and continuous recording 
over several hours are enabled. In addition, the elec- 
trode which provides a stimulation signal or the elec- 
trode which draws out a detection signal from the cells 
45 can be specified by pointing to a microscope image dis- 
played on the screen with a mouse or a pen. Besides, 
various conditions such as temperature or pH of the cell 
culturing means 40 can be determined by using the key- 
board. 

50 [0048] A recording screen displays a spontaneous ac- 
tion potential or an evoked potential detected from the 

cells in real-time ata maximum of 64 Ghannels. Further- 
more, the recorded spontaneous action potential or the 
evoked potential can be displayed on top of a micro- 

55 scope image of cells. When the evoked potential is 
measured, the whole recording waveform is displayed. 
When the spontaneous action potential is measured, 
the recording waveform is displayed only when an oc- 
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currence of spontaneous action is detected by a spike 
detection function using a window discriminator or a 
waveform discriminator. When the recording waveform 
is displayed, measurement parameters (e.g., stimula- 
tion conditions, recording conditions, temperature, pH) 
at the time of recording are simultaneously displayed in 
real-time. There is also an alarm function provided in 
case when a temperature or pH goes beyond permis- 
sive limits. 

[0049] On a computer screen for data analysis, FFT 
analysis, coherence analysis, and correlation analysis 
can be conducted. In addition, this screen has other 
functions, such as a single spike separation function us- 
ing a waveform discriminator, a temporal profile display 
function, a topography display function, an electric cur- 
rent source density analysis function. Results of these 
analyses can be displayed on top of the microscope Im- 
age stored in the image filing device. 
[0050] When a stimulation signal is output from the 
above-configured computer 30, this stimulation signal Is 
forwarded byway of the D/A converter 32 and an isolator 
33 (for example, "BSI-2" manufactured by BAK ELEC- 
TRONICS CO., LTD.) to the cells. In other words, the 
stimulation signal is applied between two points select- 
ed from the 64 microelectrodes 11 in the integrated cell 
holding instrument 1 . Then, an evoked potential arising 
between each of the microelectrodes 11 and a GND lev- 
el (potential of culture solution) is input to the computer 
30 via 64 channels of a sensitive amplifier 34 (for exam- 
ple, "AB-610J" manufactured by NIHON KODEN CO., 
LTD.) and the A/D converter 31 . The amplification factor 
of the amplifier 34 is 100 dB, and the frequency band is 
from 0 to 10 kHz. However, when an evoked potential 
by a stimulation signal is measured, the frequency band 
is detemiined to be from 100 Hz to 10 kHz using a low 
cut filter. 

[0051] Next, the cell culturing means 40 is provided 
with a temperature adjuster 41, a circulation means 42 
of culture solution and a means 43 for supplying a mixed 
gas of air and carbon dioxide. Actually, the cell culturing 
means 40 can be comprised of a product equivalent to 
a microincubatorsuch as"PDMI-2" and a product equiv- 
alent to a temperature controller such as "TC-202" (both 
products manufactured by MEDICAL SYSTEMS CO., 
LTD.). and a CO2 bomb, for example, is used. This mi- 
croincubator can control the temperature In the range of 
0 to SO^'C by a Peltier element, and this microincubator 
Is capable of handing a liquid delivery speed of below 
3.0 ml/min and an air supply speed of below 1.0 l/min. 
Alternatively, a microincubator integrated with a temper- 
ature controller (for example, "IMT2-IBSV" manufac- 
- tured by OLYMPUS OPTICAL CO., LTD.) may be used.- 
[0052] A preferable embodiment of the cell potential 
measurement apparatus of this invention was explained 
above. However, the cell potential measurement appa- 
ratus of this invention is not limited to this embodiment 
only and can be implemented for example, in various 
other forms described in the following. 



[0053] Although a means for providing a stimulation 
signal to cells is comprised of a computer and a D/A con- 
verter in the above-mentioned embodiment, this means 
may be comprised of a general purpose or a special pur- 

5 pose pulse signal generator. Here, the stimulation signal 
is preferably determined as a bipolar constant voltage 
pulse comprising a pair of positive and negative pulses 
for eliminating artifacts, that is, for preventing DC com- 
ponents from flowing. In addition, it is preferable to con- 

10 vert it to a constant electric current pulse for preventing 
the electric cun-ent from flowing excessively. For exam- 
ple, the stimulation signal is preferably comprised of a 
positive pulse with a pulse width of 1 00 ^ sec. an interval 
of 100 ^ sec, and a negative pulse of 100^ sec, and it 

15 is preferable that the peak electric current of the posi- 
tive-negative pulse is in the range of 30 to 200^ A. 
[0054] Furthermore, the installation of the celt cultur- 
ing means 40 in the measurement apparatus enables 
continuous measurement over a long period of time. Al- 

20 ternatlvely. It is also possible to configure the apparatus 
such that sample cells are placed in an integrated cell 
holding instrument and cultured inside an incubator 
which Is provided separately from the measurement ap- 
paratus, and such that the integrated cell holding instru- 

25 ment is taken out only for a comparatively short-term 
measurement from the incubator to be installed in the 
measuring apparatus. In this case, the cell culturing 
means 40 is not necessarily provided in the measure- 
ment apparatus. 

30 [0055] By using the above-mentioned cell potential 
measurement apparatus, nerve cells or organs were ac- 
tually cultured on the Integrated cell holding instrument 
and the potential change accompanied by activities of 
the nerve cells or nerve organs was measured. An ex- 

35 ample of this measurement will be explained hereafter. 
Cerebral cortex sections of rats were used as the nerve 
organs, which were cultured according to a method 
which will be described later on in an embodiment 
[0056] It will be first referred to results of comparing a 

^0 voltage waveform measured by means of an integrated 
cell holding instrument of this invention and a voltage 
waveform measured by means of a conventional gen- 
eral purpose glass electrode (electrode used for meas- 
urement of extracellular potential). Nerve organs which 

45 were cultured for 14 days were used as the sample. A 
stimulation signal was applied between two adjacent 
electrodes of a planar electrode comprising the integrat- 
ed cell holding instrument, and a waveform of evoked 
potential change over time which was induced at 8 elec- 

50 trodes close to the two electrodes was measured. For 
the purpose of comparison, glass electrodes were se- 
quentlally transferred to the -vteinity of-the~above-men— 
tioned eight electrodes by using a three-dimensional mi- 
cromanipulator, and the same voltage wavefonm was 

55 measured. 

[0057] As a result of comparing the voltage waveform 
measured by using a planar electrode (integrated cell 
holding Instrument) and the wavefonm measured by us- 
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ing the glass electrode at eight parts, it was clear that 
both waveforms were very similar at all the parts. Rep- 
resentative examples of these waveforms are shown in 
FIG. 10 (A) and FIG. 10 (B). FIG. 10 (A) shows a wave- 
form measured by a planar electrode, and FIG. 10 (B) 
shows a waveform measured by a glass electrode. 
When both waveforms are compared, it is clear that 
there is a slight difference in frequency characteristics. 
Compared with the measurement using a planar elec- 
trode, the measurement using a glass electrode shows 
a small damage sustained to the follow-up property up- 
on a rapid potential change. This is considered to result 
from a capacitance difference between a glass elec- 
trode and a planar electrode. 

[0058] Next, an experiment was conducted to exam- 
ine the relationship between progressive days of nerve 
organs cultured on an integrated cell holding instrument 
and the potential distribution arising from cell activities. 
Prior to culturing the cells, the surface of a planar elec- 
trode was covered with collagen gel for the purpose of 
enhancing the adhesive property of each electrode in 
the planar electrode to the cells. In other words, collagen 
gel with a thiclcness of less than SOp.m was formed on 
the surface of each electrode coated with platinum black 
and also on the surface of an insulation coating in the 
vicinity thereof as mentioned above. Then, on top of the 
collagen gel, and also where a microelectrode was 
present, a section of cerebral cortex of rats (thickness 
of less than 500|x m) was placed and cultured. Meas- 
urement results of the spontaneous potential are shown 
in FIGS. 11 (A) to 11 (C), and measurement results of 
the evoked potential at the time when a stimulation sig- 
nal is provided are shown in FIG. 12. 
[0059] FIG. 11 (A) shows a microscopic image of the 
sample cells and the microelectrodes, and waveforms 
of the spontaneous potential measured at seven elec- 
trode parts indicated as 1 to 7 on this image are shown 
in FIG. 11 (B) and FIG. 11 (C). FIG. 11 (B) is a waveform 
measured on the sixth day after culture, and FIG. 11 (C) 
is a waveform measured on the tenth day after culture. 

*The scale of the microscopic image, time of the meas- 
urement waveforms, and the scale of the voltage are 
indicated in the figure. According to the measurement 
results, it is confirmed, for example, that on the sixth day 
after culture, the spontaneous activities of the cells 
measured at each electrode are weak, and synchronic 
properties of the electrodes to each other can be hardly 
observed, whereas on the tenth day after culture, a large 
number of nerve cells become active simultaneously, in- 
dicating that the synchronic properties of the electrodes 
to each other increased. 

—[0060]- FIG. 12 (A) also shows-a microscopic- view of- 
the sample cells and the microelectrodes. Image 
processing, which is included in the software for meas- 
urement in the above-mentioned computer, was applied 
to draw an outline of the cells and positions of each elec- 
trode from the microscopic Image onto the screen. Fur- 
thermore, the voltage waveform measured at each elec- 



trode was displayed thereon, as shown in FIG. 12 (B) 
and FIG. 12 (C). FIG. 12 (B) shows a distribution of the 
evoked potential on the fifth day after culture, and FIG. 
12 (C) shows the same on the tenth day after culture. A 
5 pair of electrodes indicated on the upper right side with 
a + and - sign are electrodes applied with a stimulation 
signal. Right above a small square sign showing the po- 
sition of each electrode, a waveform measured by this 
electrode is displayed. In these waveforms, a part where 
10 a targe vertical swing is observed on the left end is an 
artifact corresponding directly to the stimulation signal, 
and the potential change after the artifact indicates ac- 
tual cell activities. As a result of these measurements, 
it is confirmed, for example, that on the fifth day after 
15 culture, the cell activities are limited to a place which is 
comparatively close to the electrode positions applied 
with the stimulation signal, but on the tenth day aftercul- 
ture, the cell activities can be observed in a wide range 
and their scale (amplitude) becomes larger. 
20 [0061] Next, examples of a suitable culture method for 
cerebral cortex slices will be explained. 

1) Culture medium 

25 [0062] The following additives were added to a culture 
medium in which Dulbecco modified Eagle's medium 
and HamF-12 medium were mixed in a volume ratio of 
1:1 (media manufactured by GIBCO CO., LTD. 
430-2500EB). 

30 

* glucose. GIBCO CO.. LTD. 820-5023IN, 2.85 mg/L 
(totalling to 6 mg/L together with glucose contained 
originally in the above-mentioned culture medium) 

* putrescine, SIGMA CO., LTD. P5780, lOO^iM 
35 * progesterone, SIGMA CO., LTD. P8783, 20 nM 

* hydrocortisone, SIGMA CO., LTD. H0888. 20 nM 

* sodium selenite,WAKO CO., LTD. 198-0319,20nM 

* insulin, SIGMA CO.; LTD. 16634. 5 mg/L 

* transferrin, SIGMA CO., LTD. T147, 100 mg/L 
40 * sodium bicarbonate, SIGMA CO., LTD. 2.438 g/L 

* addition of a suitable amount of IN HCI or IN NaOH 
to adjust to pH 7.4 

[0063] After the above-mentioned additives were 
45 added, filtration and sterilization were conducted, and 
the culture medium was perserved at 4''C and ready to 
be used. This culture medium is hereinafter simply 
called "culture medium", 

50 2) Structure of a well on a planar electrode 

[0064] — For-the convenience of-Gulturing nerve^ells-or- 

nerve organs on a planar electrode, a polystyrene cyl- 
inder having an inner diameter of 22 mm, an outer di- 
55 ameter of 26 mm, and a height of 8 mm was adhered in 
the following steps. 

(a) On the bottom face of a polystyrene cylinder (in- 
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ner diameter 22 mm, outer diameter 26 mm, height 
8 mm), a sufficient amount of a liquid silicon adhe- 
. sive (DOW CORNING CO., LTD. 891 or SHIN-ET- 
SU CHEMICAL CO., LTD. KE-42RTV) was applied, 

(b) The center of a glass substrate in the planar 5 
electrode and the center of the polystyrene cylinder 
were carefully matched and then adhered in this 
state. 

(c) By leaving it in an environment in which dust 
hardly enters for 24 hours, the adhesive was solid- io 
Ified. 

(d) After dipping in 70 % ethanol for 5 minutes, ster- 
ilization was conducted by air-drying inside a clean 
bench, after which the structure is then ready for 
processing the electrode surface. 15 

3) Processing of the electrode surface 

[0065] In order to enhance cell adhesive property on 
the surface of a planar electrode, collagen gel was 20 
formed on the surface of the electrode by the following 
method. All of these operations were conducted in a 
sterilized atmosphere. 

(a) Solutions A, B, and C were prepared and iced. 25 



(b) While cooling, the solutions A, B, and C were 
mixed at a volume ratio of 8:1 :1 . At this time, A and 45 
B were first mixed thoroughly and C was added af- 
terwards to be mixed. 

(c) In a well of a planar electrode which was cooled 
in advance to about 4°C, 1 mL of the mixed solution 

of (b) was injected little by little. After the entire elec- so 
trode surface was covered, the mixed solution was 
— removed as-much as possible-with a glass-Pasteur — 
pipette. Through this operation, a coating of the 
mixed solution was formed on the electrode surface 
with a thickness of less than 50^im. 55 

(d) By heating the planar electrode covered with the 
mixed solution coating at 37°C for 30 minutes, ge- 
latinizatlon of the mixed solution took place, and a 



collagen gel matrix was formed. 

(e) 1 mL of sterilized water was added into the well 
of the planar electrode, and about 5 minutes there- 
after, the water was removed, thereby washing. 

(f) The operation of Step (e) was repeated two more 
times (a total of 3 times). 

(g) 1 mL of the culure medium (excluding insulin and 
transferrin) was injected little by little Into the well of 
the planar electrode, and preserved inside, a CO2 
incubator under the conditions of temperature 
37*'C. relative humidity 97% and higher, CO2 con- 
centration 5%, and air concentration 95%. which 
was then ready for use. 

4) Culture of nerve cells or nerve organs 

[0066] Generally speaking, culture forms can be di- 
vided into two types. That is, a dissociated cell culture 
of nerve cells and an organotypic slice culture of a nerve 
organ. Each form will be explained in the following. 

4-1 ) Dissociated culture of cerebral visual cortex nerve 
cells of rats 

[0067] The following operations were all performed in 
a sterilized atmosphere. 

(a) Brains of fetuses of SD rats at 16-18 days of 
pregnancy were removed and immersed in iced 
Hanks' Balanced Salt Solution (manufactured by 
GIBCO CO., LTD. 450-1 250EB). 

(b) From the brains in the iced Hanks' Balanced Salt 
Solution, visual cortices were cut out and trans- 
ferred to minimum essential medium liquid (manu- 
factured by GIBCO CO.. LTD. 410-1100EB). 

(c) In the minimum essential medium liquid, the vis- 
ual cortices were cut into as small pieces as possi- 
ble, 0.2 mm square at maximum. 

(d) The visual cortices cut into small pieces were 
placed in test tubes for centrifugal separation, and 
after washing with Hanks' Balanced Salt Solution 
free from calcium and magnesium three times, they 
were dispersed in a suitable volume of the same 
liquid. 

(e) In the test tubes for centrifugal separation of 
Step (d). Hanks' Balanced Salt Solution free from 
calcium and magnesium with trypsin dissolved at 
0.25 % was added to double the total volume. With 
gentle stirring, enzymatic processes were allowed 
to take place while the solution was constantly kept 
at 37 °C for 15 minutes. 

-(f)-To the-culture medium-shown in-1) (eontaining- 

additives, hereinafter abbreviated as a culture me- 
dium), 10 vol.% of fetal calf serum was added, 
which is then placed in the test tubes for centrifugal 
separation subjected to Step (e) to further double 
the total volume. With a glass Pasteur pipette hav- 
ing a reduced diameter produced by fire-polishing 



A. 0.3 vol.% diluted hydrochloric acid collagen 
solution (pH 3.0, NITTA GELATIN CO., LTD. 
Cellmatrix Type l-A) 

B. Solution comprising a mixture medium of 30 
Dulbecco modified Eagle's medium and HamF- 

12 medium mixed in a volume ratio of 1 :1 (GIB- 
CO CO., LTD. 430-2500EB), which is not pro- 
vided with sodium bicarbonate and is made 
with a concentration 1 0 times higher than for an 35 
ordinary use, and then filtration and sterilization 
were conducted thereto. 

C. 2.2 g of sodium bicarbonate and 4.77 g of 
HEPES (manufactured by GIBCO CO., LTD. 
845-1344 IM) were dissolved in 100 mL of 0.05 40 
N sodium hydroxide solution, and filtration and 
sterilization were conducted thereto. 
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the tip end with a burner, gently repeating pipetting 
(about 20 times at maximum), the cells were unrav- 
elled. 

(g) Centrifugation was carried out for 5 minutes at 
9806.65 m/sec2 (that is, 1000 g). Upon completion 5 
of centrifugation, the supernatant was discarded 
and the precipitate was suspended in the culture 
medium containing 5 voL% of fetal cow serum. 

(h) Step (g) was repeated two more times (a total 
of 3 times). io 

(i) The precipitate finally obtained was suspended 
in the culture medium containing 5 vol.% fetal cow 
serum, and using an erythrocytometer, the cell con- 
centration in the suspension liquid was measured. 
After the measurement, using a similar culture me- 15 
dium, the cell concentration was adjusted to be 2 to 

4 X 106 cells/ml. 

(j) A planar electrode which was preserved in a CO2 
incubator after subjected to the process of above 
steps 1-3) was taken out^ the culture medium (free 20 
from insulin and tranferrin) inside the well was re- 
moved, and 500[iL of a culture medium containing 

5 % of fetal cow serum was newly injected little by 
little. Furthermore, 100|iL of the cell suspension liq- 
uid with the cell concentration adjusted according 25 
to Step (i) was gently added and again let stand in 
the CO2 incubator. - 
(k) Three days after the performance of Step (j). one 
half the culture medium was replaced with a new 
one. For the replaced medium, the culture medium 30 
not containing fetal calf serum was used. By reduc- 
ing the concentration of fetal calf serum, growth of 
cells other than nen/e cells (for example, glial cells) 
can be suppressed. 

(I) Thereafter, half of the medium was replaced in a 35 

similar manner every 1 to 2 days. Claims 



a thickness of 200 to 300p,m to create a section. 

(e) The microscissors used for surgical operations 
of eyes was used further to adjust a size of the sec- 
tion to be about 1x1 mm. . 

(f ) The planar electrode prepared in the above-men- 
tioned "3) Processing of an electrode surface" was 
taken out from the CO2 incubator, and the cerebral 
cortex section whose size was adjusted was sucked 
up with a pipette having a diameter of 2 mm and 
larger very gently not to damage the section, and 
then transferred into a culture well of the planar 
electrode. 

(g) With a Pasteur pipette with the tip end fire-pol- 
ished with a burner, the material was arranged on 
the electrode such that the layer structure of the cor- 
tex faces upward and is placed on the electrode, 
while being careful not to damage the cerebral cor- 
tex section. 

(h) After the cerebral cortex section was placed on 
the planar electrode, the amount of the culture me- 
dium was adjusted so that a base of the section 
touched the culture medium and the top face was 
exposed to outside air. 

(i) After adjusting the culture medium amount, the 
planar electrode was placed in a sterilized Petri 
dish, and about 5 ml of sterilized water at 37'*C was 
injected little by little into the Petri dish to prevent 
the culture medium from drying, and again let stand 
in the CO2 incubator. 

(j) Thereafter, the medium was replaced with a new 
one once every day while attending to the amount 
of culture medium. The culture medium amount was 
determined to be the same as in Step (h). 



4-2) Culture method of a cerebral cortex section of rats 1 . 
[0068] 40 



A cell potential measurement apparatus for meas- 
urement of electric physiological characteristics of 
cells, comprising: 



(a) Brains of SD rats 2 days old were removed and 
immersed in iced Hanks* Balanced Salt Solution 
containing 0.25 vol.% of D-glucose. 

(b) In the iced Hanks' Balanced Salt Solution con- 45 
taining 0.25 vol.% of D-glucose, cerebral meninges 
attached on the brain were removed using a sharp- 
edged pincette very carefully not to damage the cer- 
ebral cortex. 

(c) About 500fim away from a callous body, a hem- so 
isphere of the cerebral cortex without the cerebral 

—meninges-was cut from-the-occipltal lobe side to the- - - 
frontal lobe side along the callous body by means 
of microscissors used for surgical operations of 
eyes. 55 

(d) Subsequently, using the microscissors used for 
surgical operations of eyes, a cerebral cortex was 
cut out vertically to the cross-section of Step (c) with 



(A) an integrated cell holding instrument (1) 
provided with a plurality of microelectrodes (1 1 ) 
on a substrate plate (2). a cell holding part (6) 
for placing cells thereon, and an electric con- 
nection means (3, 4, 5) for providing an electric 
signal to said microelectrodes and for leading 
out an electnc signal from said microelec- 
trodes; 

(B) a stimulation signal supply means (30, 32, 
~33)-to be connected- to-the^lectrio connection- 
means of said integrated cell holding instru- 
ment (1) for providing electric stimulation to 
said cells; and 

(C) a signal processing means (30, 31, 34) to 
be connected to the electnc connection means 
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of said integrated cell holding instrument for 
. processing an output signal arising from elec- 
tric physiological activities of said cells, wherein 
said electric connection means includes a half- 
split holder (3, 4) which has a contact (9) touch- 
ing an electric contact point (7) due to elastic 
deformation and fixes said substrate plate (2) 
by holding the plate at the top and bottom of the 
plate. 

2. The cell potential measurement apparatus as In 
claim 1, further comprising an optical observation 
means (20) for observing the cells optically. 

3. The apparatus as in claim 1 or 2, further comprising 
a cell culturing means (40) for maintaining an envi- 
ronment for culturing cells which are placed on said 
integrated cell holding instrument (1). 

4. The cell potential measurement apparatus as in 
claim 3, wherein the cell culturing means (40) com- 
prises a temperature adjustment means (41) for 
maintaining a constant temperature, a means (42) 
for circulating a culture solution, and a means (43) 
for supplying a mixed gas of air and carbon dioxide. 

5. The apparatus as in any one of claims 1 to 4, where- 
in said integrated cell holding instrument (1) com- 
prises a plurality of microelectrodes (11) arranged 
in a matrix form on the surface of a glass plate (13). 
conductive patterns (12) for drawing the microelec- 
trodes, electric contact points (7) which are con- 
nected to edge parts of these conductive patterns 
(12), and an insulation coating (14) covering the 
surface of said conductive pattems (12), said cell 
holding part (6) being disposed in an area including 
said plurality of microelectrodes (11). 

6. The apparatus as in any one of claims 1 to 5, where- 
in said plurality of microelectrodes (11) comprise 64 
electrodes arranged In 8 columns and 8 rows. 

7. The apparatus as in any one of claims 1 to 6, where- 
in said microelectrodes (11) each have an electrode 
area of 4 x 102 ^^2 ^ 4 x 104^im2. 

8. The cell potential measurement apparatus as in any 
one of claims 1 to 7, wherein said electric connec- 
tion means fixes said half-split holder (3, 4), and fur- 
ther comprises a printed circuit board (5) having an 
outside connection pattern which is connected to 

- - — the contact-of-said-holder via-a connector. - 

9. The apparatus as in any one of claims 1 to 8, where- 
in the contact resistance of said electric contact 
point (7) with said contact (9) and the contact resist- 
ance of said contact (9) with said connector (5) are 
both less than 30 m ohm. 



10. The apparatus as in any one of claims 1 to 9, where- 
in said optical observation means (20) comprises 
an optical microscope (22), and an Image picl^-up 
device and an image display device (23) connected 

5 to the optical microscope. 

11. The cell potential measurement apparatus as In 
claim 10, wherein said optical observation means 
further comprises an image storage device (24). 

10 

12. The apparatus as in any one of claims 1 to 11. 
wherein said stimulation signal supply means (30) 
comprises a pulse signal generator. 

15 13. The apparatus as in any one of claims 1 to 12, 
wherein said signal processing means (30) com- 
prises a multi-channel amplifier (34) which amplifies 
a detection signal arising from cell activities and a 
multi-channel display device which displays an am- 

20 plified signal waveform In real-time. 

14. The apparatus as in any one of claims 1 to 13. fur- 
ther comprising a computer (30) which outputs said 
stimulation signal via a D/A converter (32), and re- 
25 celves and processes an output signal arising from 
electric physiological activities of said cells via an 
A/D converter (31), said computer (30) controlling 
said optical observation means (20) and said cell 
culturing means (40). 

30 

PatentansprQche 

1. Zellpotentialmef^vorrichtung zur Messung elektro- 
35 physiologischer Kennwerte von Zellen mit: 

(A) einem integrierten Zellhalteinstrument (1), 
versehen mit mehreren Mikroelektroden (11) 
auf einer Substratplatte (2), einem Zellhalteteil 

40 (6) zum Plazieren von Zellen darauf und einer 

elektrischen Verbindungseinrichtung (3, 4, 5) 
zum Zufuhren eines elektrischen Signals zu 
den Mikroelektroden und zum Herausfuhren ei- 
nes elektrischen Signals von den Mikroelektro- 

45 den; 

(B) einer Stimulationssignal-Zufuhreinrichtung 
(30, 32, 33), die mit der elektrischen Verbin- 
dungseinrichtung des integrierten Zellhaltein- 
struments (1) zu verbinden ist, zum elektri- 

50 schen Stimulieren der Zellen; und 

(C) einer Signalverarbeitungseinrichtung (30. 
— •31,-34)-diemit-der elektrischen- Verbindungs- 
einrichtung des integrierten Zellhalteinstru- 
ments zu verbinden ist, zum Verarbeiten eInes 

55 Ausgangssignals als Ergebnis elektrophyslolo- 

gischer Aktivltaten der Zellen, wobel die elek- 
trische Verbindungseinrichtung einen geteilten 
Halter (3, 4) aufwelst, der einen Kontakt (9) hat, 
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der einen elektrischen Kontaktpunkt (7) infolge 
. von elastischer Verformung beruhrt. und die 
Substratplatte (2) durch Halten der Platte an 
der Plattenoberseite und -unterseite fixiert. 

5 

2- Zellpotentialmedvorrichtung nach Anspruch 1, fer- 
ner mit einer optischen Beobachtungseinrichtung 
(20) zum optischen Beobachten derZellen. 

3. Vorrichtung nach Anspruch 1 oder 2, ferner mit ei- io 
ner Zellkultlvierungseinrichtung (40) zum Aufrecht- 
erhalten einer Umgebung zum Kultivieren von Zel- 
len, die auf dem integrierten Zellhalteinstrument (1 ) 
plaziert sind. 

15 

4. Zellpotentiaimedvorrichtung nach Anspruch 3, wo- 
bei die Zellkultivierungseinrichtung (40) aufweist: 
eine Temperatureinstelleinrichtung (41) zum Auf- 
rechterhalten einer konstanten Temperatur, eine 
Einrichtung (42) zum Zirkulierenlassen einer Kultur- 20 
losung und eine Einrichtung (43) zum Zufuhren ei- 
nes Mischgases aus Luft und Kohlendioxid. 

5. Vorrichtung nach einem der Anspruche 1 bis 4, wo- 

bei das integrierte Zellhalteinstrument (1 ) aufweist: 25 
mehrere Mikroeiektroden (11 ), die in Matrixform auf 
der Oberflache einer Glasplatte (13) angeordnet 
sind, Leitmuster (12) zum Herausfuhren der Mikro- 
eiektroden, eiektrische Kontaktpunkte (7), die mit 
Kantenteilen dieser Leitmuster (12) verbunden 30 
sind, und eine Isolierbeschichtung (14), die die 
Oberflache der Leitmuster (12) abdeckt, wobei das 
Zellhalteteil (6) in einem Bereich angeordnet ist, der 
die mehreren Mikroeiektroden (11) aufweist. 

35 

6. Vorrichtung nach einem der Anspruche 1 bis 5. wo- 
bei die mehreren Mikroeiektroden (11) 64 Mikro- 
eiektroden aufweisen, die in 8 Spalten und 8 Reihen 
angeordnet sind, 

40 

7. Vorrichtung nach einem der Anspruche 1 bis 6, wo- 
bei die Mikroeiektroden (11) jeweils eine Eiektro- 
denflache von 4 x 10^ ^m^ bis 4 x 10^ ^m^ haben. 

8. Zellpotentialmeflvorrichtung nach einem der An- 45 
spruche 1 bis 7, wobei die eiektrische Verbindungs- 
einrichtung den geteilten Halter (3, 4) fixiert und fer- 
ner eine Leiterplatte (5) mit einem Aullenverbin- 
dungsmuster aufweist, das mit dem Kontakt des 
Halters uber einen VeriDinder verbunden ist. 50 

9i- A/brrichtung-nach einemder- Anspruche 1 bis 8,-wo 

bei der Kontaktwiderstand des elektrischen Kon- 
taktpunkts (7) mit dem Kontakt (9) und der Kontakt- 
widerstand des Kontakts (9) mit dem VeriDinder (5) 55 
beide unter 30 mQ liegen. 

10. Vorrichtung nach einem der Anspruche 1 bis 9, wo- 



bei die optische Beobachtungseinrichtung (20) auf- 
weist: ein optisches Mikroskop (22) sowie ein Bild- 
aufnahmegerat und ein Bildanzeigegerat (23), die 
mit dem optischen Mikroskop verbunden sind. 

11- Zellpotentialmeflvorrichtung nach Anspruch 10, 
wobei die optische Beobachtungseinrichtung ferner 
ein Bildspeichergerdt (24) aufweist. 

12. Vorrichtung nach einem der Anspruche 1 bis 11 , wo- 
bei die Stimuiationssignal-Zufuhreinrichtung (30) 
einen impulssignalgenerator aufweist. 

13. Vorrichtung nach einem der Anspruche 1 bis 12. 
wobei die Signalverarbeitungseinrichtung (30) auf- 
weist: einen Mehrkanalverstarker (34), der ein De- 
tektionssignal als Ergebnis von Zellaktivitaten ver- 
starkt, und ein Mehrkanal-Anzeigegerat, das eine 
verstarkte Signalweilenform in Echtzeit anzeigt. 

14. Vorrichtung nach einem der Anspruche 1 bis 13, fer- 
ner mit einem Rechner (30), der das Stimulations- 
signal uber einen D/A-Wandler (32) ausgibt sowie 
ein Ausgangssignal als Ergebnis elektrophysiologi- 
scher Aktivitaten der Zellen uber einen A/D-Wand- 
ler (31 ) empfangt und verarbeitet, wobei der Rech- 
ner (30) die optische Beobachtungseinrichtung (20) 
und die Zellkultivierungseinrichtung (40) steuert. 



Revendications 

1 . Appareil de mesure du potentiel cellulaire destine a 
la mesure de caracteristiques physiologiques elec- 
triques de cellules, comprenant : 

(A) un instrument integre de maintien de cellu- 
les (1) muni d'une pluralite de microelectrodes 
(1 1 ) sur une plaque de substrat (2), d'une partie 
de maintien de cellules (6) destinee a placer 
des cellules sur celle-ci, et d'un moyen de con- 
nexion electrique (3, 4, 5) destin6 a fournir un 
signal Electrique auxdites microelectrodes et d 
conduire d I'exterieur un signal Electrique pro- 
venant desdites microelectrodes, 

(B) un moyen d'application de signal de stimu- 
lation (30, 32, 33) destine a etre relie au moyen 
de connexion electrique dudit instrument Inte- 
gra de maintien de cellules (1 ), destinE d foumir 
une stimulation electrique auxdites cellules, et 

(C) un moyen de traitement de.signal (30, 31, 
34)-devant etre relie-au-moyen-de connexion- 

electrique dudit instrument integrE de maintien 
de cellules, destine a traitor un signal de sortie 
provenant d*activlt6s physiologiques Electri- 
ques desdites cellules, dans lequel ledit moyen 
de connexion electrique comprend un support 
s6par6 en deux (3, 4) qui comprend un contact 
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(9) touchant un point de contact efectrique (7) 
• en raison d*une deformation diastique at qui 
fixe ladite plaque de substrat (2) en maintenant 
la plaque au niveau du liaut et du bas de la pla- 
que. 

2. Appareil de mesure de potentiel ceilulaire selon la 
revendication 1, comprenant en outre un moyen 
d'observation optique (20) destine a observer optl- 
quement les cellules. 

3. Appareil selon la revendication 1 ou 2, comprenant 
en outre un moyen de culture de cellules (40) des- 
tine a maintenir un environnement en vue de culti- 
ver les cellules qui sont placees sur ledit instrument 
integre de malntien de cellules (1). 

4- Appareil de mesure de potentiel ceilulaire selon la 
revendication 3, dans lequel le moyen de culture de 
cellules (40) comprend un moyen d*ajustement de 
temperature (41) destine a maintenir une tempera- 
ture constante, un moyen (42) destine a faire circu- 
ler une solution de culture et un moyen (43) destind 
k fournir un gaz mixte d'air et de dioxyde de carbo- 
ne. 

5. Appareil selon Tune quelconque des revendications 
1 a 4, dans lequel ledit instrument int6gr6 de main- 
tien de cellules (1 ) comprend une plurality de mi- 
croelectrodes (11) dispos6es suivant une forme de 
matrice sur la surface d'une plaque de verre (13), 
des motifs conducteurs (1 2) destines d dessiner les 
microelectrodes, des points de contact electriques 
(7) qui sont relies aux parties de bord de ces motifs 
conducteurs (12), et un revetementd'isolement (14) 
recouvrant la surface desdits motifs conducteurs 
(12), ladite partie de malntien de cellules (6) etant 
disposee dans une zone comprenant ladite pluralite 
de microelectrodes (11). 

6. Appareil selon Tune quelconque des revendications 
1 a 5. dans lequel ladite pluralite de microelectrodes 
(1 1 ) comprend 64 electrodes dispos^es en 8 colon- 
nes et 8 rang^es. 

7. Appareil selon Tune quelconque des revendications 
1 a 6, dans lequel lesdites microelectrodes (11) pre- 
sentent chacune une surface d'electrode de 4 x 1 0^ 
^m2^4 X 104^m2 

8. Appareil de mesure de potentiel ceilulaire selon 
- Tune quelconque des revendications 1-^-7, dans-le- 

quel ledit moyen de connexion electrique fixe ledit 
support separe en deux (3, 4) et comprend en outre 
une carte d circuit imprime (5) comportant un motif 
de connexion ext^rieur qui est connecte au contact 
dudit support par Tintermediaire d'un connecteur. 



9. Appareil selon I'une quelconque des revendications 
1 d 8, dans lequel la resistance de contact dudit 
point de contact electrique (7) avec ledit contact (9) 
et la resistance de contact dudit contact (9) avec 

5 ledit connecteur (5) sont toutes les deux inferieures 
d 30 milliohms. 

10. Appareil selon Tune quelconque des revendications 
1 a 9, dans lequel ledit moyen d'observation optique 

^0 (20) comprend un microscope optique (22), et un 
dispositif de saisie d'image ainsi qu'un dispositif 
d'affichage d'image (23) relies au microscope opti- 
que. 

^5 11. Appareil de mesure de potentiel ceilulaire selon la 
revendication 10, dans lequel ledit moyen d'obser- 
vation optique comprend en outre un dispositif de 
memorisation d'image (24). 

20 12. Appareil selon I'une quelconque des revendications 
1^11, dans lequel ledit moyen d'application de si- 
gnal de stimulation (30) comprend un generateur 
de signal d'impulsion. 

25 13. Appareil selon Tune quelconque des revendications 
1 e 12, dans lequel ledit moyen de traltement de 
signal (30) comprend un amplificateur a plusieurs 
canaux (34) qui amplifie un signal de detection pro- 
venant d'activites des cellules et un dispositif d'affi- 

30 chage a plusieurs canaux qui affiche une forme 
d'onde de signal amplifiee eh temps reel. 

14. Appareil selon I'une quelconque des revendications 
1 a 13, comprenant en outre un ordinateur (30) qui 

35 foumit en sortie ledit signal de stimulation par I'ln- 
termediaire d'un convertisseur numerique vers ana- 
logique (N/A) (32), et regoit et traite un signal de 
sortie provenant d'activites physiologiques electri- 
ques desdites cellules par I'intermediaire d'un con- 

40 vertisseur analogique vers numerique (A/N) (31), 
ledit ordinateur (30) commandant ledit moyen d'ob- 
servation optique (20) et ledit moyen de culture de 
cellules (40). 

45 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to sample preparation devices having small dimensions for facilitating the efTicient prep- 
aration of microvolume test samples, e.g., of whole blood, for the determination and/or processing of analytes present 
therein. The present invention also relates to test systems including such devices, together with devices of similar 
dimensions which are designed, for example, to perform various assay protocols as well as analyses involving ampli- 
fication of pre-selected polynucleotides, such as polymerase chain reaction (PCR). 

10 [0002] In recent decades the art has developed a large number of protocols, test kits, and devices for conducting 
analyses on biological samples for various diagnostic and monitoring purposes. Immunoassays, immunometric assays, 
agglutination assays, analyses involving polynucleotide amplification reactions, various ligand-receptor interactions, 
and differential migration of species in a complex sample ail have been used to determine the presence or quantity of 
various biological molecules or contaminants, or the presence of particular cell types. 

15 [0003] Recently, small, disposable devices have been developed for handling biological samples and for conducting 
certain clinical tests. Shoji et al. reported the use of a miniature blood gas analyzer fabricated on a silicon wafer. Shoji 
et al., Sensors and Actuators, 15: 101-107 (1988). Sato et al. reported a cell fusion technique using micromechanical 
silicon devices. Sato et al., Sensors and Actuators, A21-A23 : 948-953 (1990). Ciba Corning Diagnostics Corp. (USA) 
has manufactured a microprocessor-controlled laser photometer for detecting blood clotting. 

20 [0004] Micromachining technology originated in the microelectronics industry. Angell et al., Scientific American. 248 : 
44-55 (1983). Micromachining technology has enabled the manufacture of microengineered devices having structural 
elements with minute dimensions, ranging from tens of microns (the dimensions of biological cells) to nanometers (the 
dimensions of some biological macromolecules). Most experiments reported to date involving such small structures 
have involved studies of micromechanics, i.e., mechanical motion and flow properties. The potential capability of such 

25 devices has not been exploited fully in the life sciences. 

[0005] Brunette (Exper. Cell Res., 167: 203-217 (1986) and 164: 11-26 (1986)) studied the behavior of fibroblasts 
and epithelial cells in grooves in silicon, titanium-coated polymers and the like. McCartney et al. (Cancer Res., 41^: 
3046-3051 (1981)) examined the behavior of tumor cells in grooved plastic substrates. LaCelle (Blood Cells, 12: 
179-189 (1986)) studied leukocyte and erythrocyte flow in microcapillaries to gain insight into micro-circulation. Hung 

30 and Weissman reported a study of fluid dynamics in micromachined channels, but did not produce data associated 
with an analytical device. Hung et al., Med. and Biol. Engineering, 9: 237-245 (1971); and Weissman et al., Am. Inst. 
Chem. Eng. J., 17: 25-30 (1971). Columbus et al. utilized a sandwich composed of two orthogonally orientated v- 
grooved embossed sheets In the control of capillary flow of biological fluids to discrete ion-selective electrodes in an 
experimental multi-channel test device. Columbus etal., Clin. Chem., 33: 1531-1537 (1987). Masuda etal. and Washizu 

35 et al. have reported the use of a fluid flow chamber for the manipulation of cells (e.g., ceil fusion). Masuda et al., 
Proceedings IEEE/IAS Meeting, pp. 1549-1553 (1987); and Washizu et al.. Proceedings IEEE/IAS Meeting, pp. 
1735-1740 (1988). The art has not fully explored the potential of using microengineered devices for the determination 
of analytes in fluid samples, particularly in the area of biological analyses. 

[0006] Biological analyses utilizing polynucleotide amplification techniques are well known (See e.g., Maniatis et al., 
40 MolecularCloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989, pp. 14.1-14.35). One such tech- 
nique is PCR amplification, which can be performed on a DNA template using a thermostable DNA polymerase, e.g.. 
Taq DNA polymerase (Chien et al., J. Bacteriol., 127 : 1 550 (1 976)), nucleoside triphosphates, and two oligonucleotides 
with different sequences, complementary to sequences that lie on opposite strands of the template DNA and which 
flank the segment of DNA that is to be amplified ("primers"). The reaction components are cycled between a higher 
45 temperature (e.g., 94°C) for dehybridizing double stranded template DNA, followed by lower temperatures (e.g., 65°C) 
for annealing and polymerization. A repeated reaction cycle between dehybridization, annealing and polymerization 
temperatures provides approximately exponential amplification of the template DNA. Machines for performing auto- 
mated PCR chain reactions using a thermal cycler are available (Perkin Elmer Corp.) 

[0007] PCR amplification has been applied to the diagnosis of genetic disorders (Engeike et al., Proc. Natl. Acad. 

50 Sci., 85: 544 (1988), the detection of nucleic acid sequences of pathogenic organisms in clinical samples (Ou et al.. 
Science. 239 : 295 (1988)), the genetic identification of forensic samples, e.g., sperm (Li et al.. Nature, 335 : 414 (1988)), 
the analysis of mutations in activated-oncogenes (Farr et al., Proc. Natl. Acad. Sci., 85: 1629-(1988))-and-in many - - 
aspects of molecular cloning (Oste, BioTechniques, 6: 162 (1988)). PCR assays can be used in a wide range of ap- 
plications such as the generation of specific sequences of cloned doublestranded DNA for use as probes, the generation 

55 of probes specific for uncloned genes by selective amplification of particular segments of cDNA, the generation of 
libraries of cDNA from small amounts of mRNA, the generation of large amounts of DNA for sequencing, and the 
analysis of mutations. There is a need for convenient, rapid systems for performing polynucleotide amplification, which 
may be used clinically in a wide range of potential applications in clinical tests such as tests for paternity, and for genetic 
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and infectious diseases. 

[0008] Cun^ent analytical techniques utilized for the determination of microorganisms are rarely automated, usually 
require incubation in a suitable medium to increase the number of organisms, and generally employ visual and/or 
chemical methods to identify the strain or sub-species of interest. The inherent delay in such methods frequently ne- 
5 cessltates medical intervention prior to definitive identification of the nature of an Infection. In industrial, public health 
or clinical environments, such delays may have unfortunate consequences. There is a need for convenient systems 
for the rapid detection of microorganisms. 

[0009] It is an object of the present invention to provide sample preparation devices for use with related analytical 
devices which enable rapid and efficient analysis of sample fluids, based on very small volumes, and determination of 

10 substances present therein at very low concentrations. Another object is to provide easily mass produced, disposable, 
small (e.g., less than 1 cc in volume) devices having microfabricated structural elements capable of facilitating rapid, 
automated analyses of preselected molecular or cellular anatytes. including intracellular molecules, such as DNA, in 
a range of biological and other applications. It Is a further object of the Invention to provide a variety of such devices 
that individually can be used to implement a range of rapid clinical tests, e.g., tests for viral or bacterial infection, genetic 

15 screening, sperm motility, blood parameters, contaminants in food, water, or body fluids, and the like. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a microfabricated sample preparation device which conveniently provides 
20 microvoiume fractions of test sample comprising particulate components, e.g.. cells, for various biological and other 
analyses. The invention.further provides analytical systems which include the microfabricated sample preparation de- 
vice of the invention together with a microfabricated analyte detection device, e.g., an immunoassay device, and/or a 
microfabricated device for carrying out polynucleotide amplification. 

[0011] The sample preparation device of the present invention is defined in claim 1 hereinafter 
25 [0012] According to one embodiment of the invention, the flow path has at least one mesoscale dimension and the 
separator comprises a region of restricted flow In the flow path, which is formed by at least one passageway having 
at least one mesoscale dimension that is smaller than the least mesoscale dimension of the flow path and sufficiently 
small to separate particulate components from the sample fluid. 

[0013] The sample preparation device of the invention can be made using known microfabrication techniques, with 
30 the flow path and the flow channel being formed in a surface of a solid substrate. In a preferred embodiment, the 
surface of the substrate in which the structural elements are formed is enclosed by a cover, such as a transparent 
glass or plastic cover, adhered to such surface. 

[0014] The mesoscale sample preparation device of the present invention is specially adapted for use in conjunction 
with the mesoscale detection devices which are the subject of co-pending U.S. Serial No. 07/877,702, available in the 

35 file of WO 93122053 which claims convention priority from it and was published on 11*^^ november 1993 and/or the 
mesoscale polynucleotide amplification devices which are the subject of copending U.S. Serial No. 08/308,199. A brief 
Indication of the contents of US. Serial No. 08/308199 is given later in the text of this application. 
[0015] The mesoscale devices described above can be used in various combinations to function as an analytical 
system, as will be described in further detail below. In one embodiment, the devices may be utilized for analyses of a 

40 cell-containing test sample. The test sample fractions provided by the sample preparation device of the present inven- 
tion may be analyzed serially or essentially simultaneously 

[0016] The mesoscale detection, devices, which enable the determination of various analytes of interest, comprise 
a solid substrate microfabricated to define a sample inlet port and a mesoscale flow system which includes an analyte 
detection region In fluid communication with the inlet port and, optionally, a flow channel interconnecting the inlet port 
and the analyte detection region. At least one of the analyte detection region and the sample flow channel, when 
present, has at least one mesoscale dimension. The analyte detection region is provided with a reagent which interacts 
with the analyte of interest, resulting in a detectable product which is determinative of the analyte. In one embodiment, 
the reagent is a binding substance, optionally immobilized in the detection region, either on a stationary or mobile 
support, for specifically binding the analyte. Also included is a detector for detecting the aforementioned product, which 

50 allows determination of the analyte in the test sample. 

[0017] The mesoscale polynucleotide amplification device comprises a solid substrate that is microfabricated to de- 
— - -fine -a sample inlet port and-a mesoscale flow systemr which includes a polynucleotide amplification region in-fluid- - 
communication with the inlet port of the devices, and, optionally, a flow channel interconnecting the Inlet port and the 
polynucleotide amplification region. At least one of the polynucleotide amplification region and the sample flow channel. 

55 when the latter is present, has at least one mesoscale dimension. Lysing means is also provided in a sample flow 
channel upstream of the polynucleotide amplification region for lysing cell components of a biological test sample. 
Such devices may be utilized to implement PGR, in which case the polynucleotide amplification region contains ap- 
propriate reagents and means Is provided for thermally cycling the reagents, such that. In each cycle, the temperature 
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is controlled to dehybridize double stranded polynucleotides, anneal the primers to single stranded polynucleotide, 
and synthesize amplified polynucleotide between the primers. 

[0018] The individual analytical devices described herein are within the scope of the present invention, when they 
are used in conjunction with the sample preparation device of the invention. 

5 [001 9] The devices described above will normally be used with an appliance that functions as a holder for the devices- 
and which mates one or more ports on the devices with one or more flow lines in the appliance. A test sample, such 
as whole blood, containing an analyte of interest may be applied to the inlet of the sample preparation device after 
which an impellent, such as a pump, which may be incorporated in the appliance or in the device itself, is employed 
to cause the sample to flow along the flow path and through the separation zone. Test sample which is free of particulate 

10 components is transferred from the sample preparation device to the analyte detection device, the outlet of the former 
being in fluid communication with the inlet port of the latter. Particulate components, such as blood cells or other fomned 
bodies, remaining in the separation zone can be discharged from the separation zone, and transferred to the polynu- 
cleotide amplification device via the discharge section of the flow channel of the sample preparation device, which is 
in fluid communication with the inlet port of the polynucleotide amplification device. Alternatively, the test sample may 

15 be injected into the sample preparation device, or the sample may enter the mesoscaie sample preparation device 
through the inlet by capillary action. Optionally, depending on the analytical protocol being carried out in the devices 
described above, the appliance may also be designed to inject into the devices reagents, such as labelled binding 
substances, polynucleotide amplification reagents, buffers, or any other reagent required to carry out the desired anal-- 
ysis. 

20 [0020] The device and systems of the invention may be used to irnplement a variety of automated, sensitive and 
rapid clinical tests including the analysis of cells or molecules or for monitoring reactions or cell growth. Essentially 
any test involving determination of the presence or concentration of a molecular or ionic analyte, the presence of a 
particular cell type or the presence of a gene or recombinant DNA sequence in a cell can be implemented to advantage 
using the device and analytical systems of the present invention. These mesoscaie devices can provide a rapid chemical 

25 test for the detection of pathogenic bacteria or viruses. The devices can also provide a rapid test for the presence or 
concentration of blood constituents, such as hormones. Additional useful applications include, but are not limited to, 
a range of other biological assays, such as blood type testing. 

[0021] The device and systems of the invention may be readily sterilized prior to use. Tests performed using the 
device and systems of the invention may be completed rapidly, and at the conclusion of the test the devices can be 
30 discarded, which beneficially prevents contamination between samples, entombs potentially hazardous material, pro- 
duces only microvolumes of waste fluid for disposal and enables inexpensive analyses. 

[0022] Additional advantages and features of the present invention are set forth in, and will be apparent to those 
skilled in the art from the detailed description of the invention presented below, considered In conjunction with the 
accompanying drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

40 FIGURE 1 is a perspective view of a diagrammatic representation of a sample preparation device of the invention, 

as seen through a transparent cover. 

FIGURES 2 and 3 show fragmentary plan views of different embodiments of a microfabricated restricted flow (filter- 
type) separator within the flow path through a portion of a sample preparation device, the separator having a series 
of passageways restricting flow of the test sample through the flow path. 

45 FIGURE 4 is a schematic illustration, in cross-section, of a sample preparation device of the invention combined 

with an appliance which serves to hold the device and to regulate fluid flow through the device. 
FIGURE 5 is a plan view of a diagrammatic representation of the same device shown in FIGURE 1, the respective 
outlets of which are in fluid communication with first and second microfabricated analytical structures which are 
designed to perform separate analyses on the sample fractions provided by the sample preparation device. 

50 FIGURES 6A and 6B are schematic illustrations, in cross-section, of a sample preparation device of the invention 

with the outlet of the flow path from the separation zone in fluid communication with the sample inlet of an analytical 

— device for Implementing-various assay-protocols.-Both-devices are shown in comblnation-with an appliance which 

serves to hold the devices, regulate fluid flow through the devices, and, in the embodiment shown in FIGURE 6A, 
detect pressure differentials at preselected locations along the course of fluid flow through the devices. FIGURE 

55 6A shows the devices abutting end-to-end; and FIGURE 6B shows a stacked arrangement of the devices. 

FIGURE 7 Is a schematic illustration, in cross-section, of a sample preparation device of the invention with the 
outlet of the carrier fluid flow channel in fluid communication with the sample inlet of an analytical device for per- 
forming polynucleotide amplification. Both devices are shown in combination with an appliance which serves to 
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hold the devices, regulate fluid flow through the-devices and detect pressure differentials at preselected locations 
along the course of fluid flow through the devices. 

FIGURES 8A and 8B show, in plan view, diagrammatic illustrations of two analytical devices intended for use with 
the sample preparation device of the invention. The device of FIGURE 8A has two mesoscale flow systems, each 

5 one including inlet ports interconnected by a flow channel to a single chamber for analyte capture and, optionally, 

detection. FIGURE SB shows a similar design for performing enzyme immunoassays and having dual capture 
chambers. An analyte of interest, such as a protein, may be captured in the first chamber, e.g., by a suitable 
immunocapture reagent, labelled with an antibody-enzyme conjugate and exposed to a chromogenic substrate. 
The enzyme converts the substrate to a chromophore which is captured, e.g., by a suitable immunocapture reagent, 

10 in the second chamber which concentrates the chromophore and reduces background signal. The second chamber 

may optionally be used for detection of the chromophore, as well. 

FIGURE 9 is a plan view of a diagrammatic representation of a microfabricated analytical device intended for use 
with the sample preparation device of the invention. The analytical device includes a set of tortuous channels which 
enable the timed addition and mixing of reagents, wash liquids and the like used in conducting various assay 

15 protocols. As seen in FIGURE 9A, a single chamber is provided for capture and detection of the analyte of interest; 

FIGURE 98 shows an exploded view of a part of an alternative embodiment of the device having an analyte capture 
chamber and a separate analyte detection chamber; FIGURE 9C shows an exploded view of part of another em- 
bodiment of the device including a branched flow path region which permits analyte detection based on flow re- 
striction in the branched region. 

20 FIGURE 1 0A is a plan view of a diagrammatic representation of another embodiment of an analytical device for 

carrying out various assay protocols on microvolume samples, which may be used together with the sample prep- 
aration device of the present invention; 

FIGURE 10B is an exploded fragmentary plan view of a part of the first flow passage through which sample fluid 
flows upon its introduction into the sample inlet port of the device shown in Figure 10A; 

25 FIGURE IOC is a fragmentary transverse cross-section of the first flow passage taken along the line 10C-10C in 

Figure 10B, showing the side-by-side v-shape channels which constitute the first flow passage; 
FIGURE 10D is a fragmentary longitudinal cross-section of the first flow passage taken along the line 10D-10D in 
Figure 10C, showing certain structural features of the barrier separating the v-shaped channels; 
FIGURE 11 A is a plan view of a diagrammatic representation of an analytical device intended for use with the 

30 sample preparation device of the Invention, the analytical device having a series of mesoscale chambers suitable 

for implementing a variety of procedures including cell sorting, cell lysing and polynucleotide amplification, e.g., 
PGR; FIGURE 11 B is a plan view of a diagrammatic illustration of an alternative design for a mesoscale PGR 
analytical device. 

FIGURES 12A and 12B are fragmentary plan views of additional embodiments of microfabricated, restricted fiow 
35 separators disposed in the flow path of a sample preparation device of the invention. 

FIGURES 12C and 12D are fragmentary longitudinal sectional views of other additional embodiments of micro- 
fabricated restricted flow separators disposed in the flow path of the sample preparation device of the invention. 

[0024] Like reference characters designate like parts in the drawing figures in which they appear. 

40 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] The sample preparation device of the invention generally comprises a solid substrate, preferably in the form 
of a chip having dimensions on the order of less than one to a few millimeters thick and approximately 0.1 to 5.0 

45 centimeters square. The substrate is microfabricated to form a sample flow path having an inlet and an outlet as well 
as a separator disposed intermediate to the inlet and outlet. The upstream-facing portion of the separator defines a 
separation zone in the flow path in which particulate components of the test sample are collected. The device also 
Includes a flow channel in fluid communication with the separation zone which functions to discharge collected partic- 
ulate components from the separation zone. The flow channel has an Inlet section for directing a carrier fluid into the 

50 separafion zone and over the upstream-facing portion of the separator and a discharge section for directing the carrier 
fluid, in which the particulate components are entrained, out of the separation zone. At least one of the aforementioned 

— flow path and-flow channel sections have-at least one-mesoscale-dlmension. — - 

[0026] If the particulate components of the sample are not to be analyzed, they can remain in the separation zone, 
in which case the flow channel is essentially nonfunctional and thus may be eliminated from the device. 

55 [0027] As used herein, the term "mesoscale" refers to flow passages or channels and other structural elements, e. 
g. reaction and/or detection chambers, at least one of which has at least one cross-sectional dimension on the order 
of 0.1 \im to 1000 ^m and more preferably 0.2 p.m to 500 ^m. The preferred depth of the flow passages and chambers 
is on the order of 0.1-1 00 \irr) and more preferably 2-50 \itr\. The preferred flow passage width is on the order of 2-200 
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\im and more preferably 3-100 |xm. The preferred chamber width is on the order of 0.05-5 mm and more preferably 
50-500 \irr\. The width of the passageway(s) in the separator is typically on the order of less than 50 ^m which is 
sufficiently small to separate particulate matter from most biological samples and other test samples of interest. The 
separator passageways will normally have a depth of about 0.1 to about 100 p.m. The length of the separator passage- 
5 ways will typically be within the range of about 0.1 \in\ to about 5 mm. 

[0028] The flow passages and other structures, when viewed in cross-section, may be triangular, ellipsoidal, square, 
rectangular, circular or any other shape at least one cross-sectional dimension of which, transverse to the path of flow 
of sample fluid through or into a given structure, is mesoscale. 

[0029] The mesoscale devices of the invention facilitate sample preparation in a broad range of biological analyses 
and, together with the analytical devices described herein, enable the rapid determination of microquantities of both 
molecular and cellular analytes in various test samples. At the conclusion of the analysis, the devices typically are 
discarded. 

[0030] Mesoscale devices having at least one flow passage or other structural element with at least one mesoscale 
dimension can be designed and fabricated in large quantities from a solid substrate material using various mtcroma- 
15 chining methods known to those sicilled in the art. Such methods include film deposition processes, such as spin coating 
and chemical vapor deposition, laser machining or photolithographic techniques, e.g. UV or X-ray processes, etching 
methods which may be performed by either wet chemical processes or plasma processes, LIGA processing or plastic 
molding. See, for example, Manz et al., Trends in Analytical Chemistry 10:144-149 (1991). 

[0031] The sample preparation device of the invention may be conveniently constructed by forming the flow passages 
20 and separator in the surface of a suitable substrate and then mounting a cover over such surface. The solid substrate 
and/or cover may comprise a material such as silicon, polysilicon, silica glass, thermocouple materials, gallium arse- 
nide, polyimide, silicon nitride and silicon dioxide. The cover and/or substrate may also comprise a plastic material, 
such as acrylic, polycarbonate, polystyrene, polyethylene or other resin materials. Optionally, the cover and/or substrate 
may comprise a transparent material, e.g., a relatively thin, anodically bonded layer of glass.or ultrasonically welded 
25 plastic sheet material. Alternatively, two substrates of like material can be sandwiched together, or a suitable substrate 
materia! may be sandwiched between two transparent cover layers. 

[0032] A diagrammatic representation of one embodiment the mesoscale sample preparation device of the invention 
is shown in FIGURE 1. The device 10 is microfabricated in a suitable substrate 11, thereby forming a sample flow path 
12a and 12b having sample inlet port 14 and outlet port 16. A filter-type separator 18 is interposed in the flow path 

30 between inlet 14 and outlet 16. The upstream-facing portion 20 of the separator defines a separation zone 22 for 
collecting particulate components of the test sample. The device also includes a flow channel 24a and 24b in fluid 
communication with separation zone 22 for delivering a carrier fluid to, and discharging collected particulate matter 
from the separation zone. Flow channel 24a, 24b has an inlet section 26 for directing carrier fluid, e.g., isotonic buffer, 
from a source (not shown) over the upstream-facing portion 20 of separator 18. Discharge section 28 conveys the 

35 carrier fluid from over the upstream-facing surface of the filter element and out of separation zone 22. 

[0033] Separator 18 which is microfabricated in sample flow path 12a and 12b of the sample preparation device 
serves to remove particulate matter from the test sample passed through the device prior to analysis. In one embod- 
iment, shown in FIGURES 2 and 3, the separator comprises a series of mesoscale passageways of reduced dimension 
in comparison with flow path 12a, 12b. in operation, separator 18 functions as a filter, accumulating particulate matter 

^0 on Its upstream surface 18a, while the filtrate exiting passageways 19 continues along flow path 12b. The filter pas- 
sageways 19 are microfabricated with depths and widths on the order of about 5 |xm to about 50 \ivr\, whereas flow 
paths 12a, 12b have maximum depthsand widths on the order of approximately 1000 |im. The filter element is preferably 
microfabricated in the substrate of the device so as to form at least one, and preferably several, generally upstanding 
projections of the substrate material disposed in the flow path, which serve to restrict the flow of sample fluid through 

^5 the separation zone. 

[0034] Protuberances p may be provided on the exterior of the upstream-facing portion of separator 18, as depicted 
in Figure 2, as an aid in preventing plugging of passageways 19 by particulate matter in the sample fluid. Also, a sump 
(not shown) may be provided adjacent the upstream-facing portion of separator 18 for collecting insoluble debris re- 
moved from the sample fluid. 

50 [0035] Separator 18 preferably is an essentially stationary structure permanently positioned between sample inlet 
14 and outlet 1 6 of the flow path, as can be seen in FIGURE 1. Alternatively, however, the separator may be transiently 

disposed in the flow path-For example, a mass of magnetic particles-may be retained In relatively fixed position in-flow 

path 12a, 1 2b by means of an applied magnetic field to effect filtration of particulate matter from the test sample. The 
fluid portion of the sample passes through the void spaces between the particles as the filtrate. At the appropriate time, 

55 the applied magnetic field is removed and the magnetic particles may be transferred from the flow path, together with 
any particular matter from the test sample accumulated thereon, for analysis or disposal, as desired. 
[0036] Separator 18 may, if desired, comprise a reagent that facilitates removal of particles or fonned bodies from 
the test sample. In the case of a biological sample comprising a mixed cell population, for example, a binding substance 
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that releasably binds to a specific target celi type within the mixed population may be adsorbed or othenA^ise affixed to 
the separator to effect removal and selective retention of the target cell type. Cells which are not retained can be 
conveyed from the separation zone for disposal. The retained cells are subsequently caused to be released for analysis. 
[0037] The sample preparation device of the invention can be used in combination with an appliance, such as ap- 

5 piiance 30, shown In schematic cross-section in FIGURE 4, for delivering fluids to, discharging fluids from, and trans- 
ferring fluids between the different devices constituting the analytical systems of the invention. Appliance 30, which 
has a nesting site 32 for holding the device 10, and for registering ports, e.g. port 14 on the device, with a flow line 33 
in the appliance. The appliance may Include an impellent, such as pump 34 shown in FIGURE 4, for conveying the 
sample through the flow passages of the device. After a biological fluid sample suspected to contain a particular analyte 

10 of interest is applied to the inlet port 35 of the appliance, pump 34 is actuated to convey the sample into port 14 of 
device 10 and then through flow path 12a, 12b. Although pump 34 is shown as an element of appliance 30, it may. If 
desired be incorporated into device 10 according to known microfabrication techniques. Economic considerations, 
however, favor placement of the pump in appliance 30. Alternatively, depending on the nature of the analyses to be 
performed, a sample may be injected Into the device, or the sample may enter the flow passages of the device through 

15 the inlet port by capillary action. In another embodiment, the appliance may be disposed over the sample preparation 
chip, and may be provided with a flow line communicating with the inlet port in the device, e.g., in the absence of a 
cover over the device, to allow a sample to be injected Into the device. The microfabricated structures of the devices 
may be filled to a hydraulically full volume and the appliance may be utilized to direct the flow of fluid through the 
structures, e.g., by means of valves located in the appliance, the incorporation of valves in a microfabricated silicon 

20 chip can be accomplished according to techniques known In the art. 

[0038] The outlet 36 of appliance 30 may be interconnected to the inlet of a similar appliance holding an analytical 
device of the type described herein, whereby the sample prepared in device 10 is transferred to the analytical device 
for testing. 

[0039] The analytical devices also may be utilized in combination with an appliance for viewing the contents of the 

25 mesoscale flow passages and other structures in the devices. For example, the appliance may comprise a microscope 
(not shown) for viewing the contents of the mesoscale structure(s) in the device. Transparent cover 29, as shown In 
FIGURE 1 , serves as a window which facilitates dynamic viewing of the contents of the device. 
[0040] FIGURE 5 shows a diagrammatic representation of the combination of the sample preparation device of 
FIGURE 1 and analytical device 110 designed to carry out various binding assay protocols, and also polynucleotide 

30 amplification. To this end the device 110 is provided with an assay structure 112 and a polynucleotide amplification/ 
assay structure 1 22. In the embodiment illustrated in FIGURE 5, the outlet of flow path 1 2a, 1 2b is in fluid communication 
with the inlet port 114 of assay structure 112 of the device; and the discharge section 28 of channel 24a. 24b is in fluid 
communication with the inlet port 124 of polynucleotide amplification/assay structure 122. Reagents used in performing 
the assay or other test or analysis may be introduced through reagent inlet ports 116 or 126, respectively. A reaction 

35 region 117 is typically provided in assay structure 112 In which a suitable reagent interacts with the analyte to yield a 
detectable product which is determinative of the analyte. That is to say, the product produced is one which provides 
definite information as to the nature or quantity of the analyte. The product may be detected in the form in which it is 
produced in reaction region 11 7, or it may be subject to further reaction to enhance its detection. A separate reaction/ 
detection region 118 may be provided for this purpose. 

40 [0041] A solution containing analyte-specific binding substances may be introduced into reaction region 117 via an 
inlet port (not shown) in fluid communication with the reaction region. Protein binding substances introduced in aqueous 
solution may be retained in a mesoscale stmcture in lyophilized fonri. Alternatively, binding substances may be immo- 
bilized in a mesoscale chamber of the janalytical devices after its manufacture by, for example, physical adsorption or 
chemical attachment to the surface of the chamber or to a mobile, solid phase support, such as magnetic or non- 

45 magnetic polymer particles disposed in the chamber. 

[0042] In carrying out polynucleotide amplification using device 110, cells of interest transferred from discharge sec- 
tion 28 of the sample preparation device 10 are subject to lysis either by a lysing agent or by a lysing structure as 
described in the above-mentioned U.S. Patent No. 5,304,487. The target polynucleotide released from the cells un- 
dergoes amplification in amplification region 127 and the amplified polynucleotide may be detected In detection region 

50 128. One or more of the apertures 116, 119, 126 and 129 may be open to the atmosphere to vent the system(s). The 
operation of the binding assay structure 112 and the polynucleotide amplification/assay structure 122 will be further 

explained with-reference to other embodiments-of such devlces described below.- — 

[0043] Although assay structure 112 and polynucleotide amplification/assay structure 122 are fashioned on a com- 
mon substrate as a single device, as shown in FIGURE 5, the structures may be fabricated on separate substrates 

55 and function as distinct analytical devices or chips, as will appear below. 

[0044] When the sample preparation device and analytical devices described above are used together to function 
as a analytical system, as illustrated in Figure 5, for example, the system Is advantageously combined with an appliance 
of the type depicted in Figure 6A, 6B and 7. Like the appliance of Figure 4, previously described, appliance 50 in Figure 
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6A serves to deliver fluid to. discharge fluid from, and transfer fluid between the respective devices. Appliance 50 has 
a nesting site 52 for holding sample preparation device 10 and analytical device 110 and for registering ports in the 
devices with flow lines in the appliance. Specifically, flow line 54a is in registry with inlet port 14 of the sample preparation 
device, flow line 54b is in registry both with outlet 16 of the sample preparation device and inlet 114, and flow line 54c 

5 is in registry with outlet 11 9 of assay structure 11 2 of the analytical device. As illustrated in Figure 6A, flow line 54a is 
in fluid communication with appliance inlet port 56, whereas flow line 54C is in fluid communication with appliance 
outlet 57. The appliance typically includes an impellent, such as pump 58, for forcing sample fluid through the analytical 
system. After applying to inlet port 56 of appliance 50, a particle-containing fluid test sample, e.g.; whole blood, the 
serum phase of which is suspected to contain an analyte of interest, pump 58 is actuated to force the sample through 

10 separator 18, providing sample fluid, e.g., serum, of substantially reduced particle content. The substantially particle- 
free sample fluid is transferred from device 10 via flow line 54B to assay structure 112 for'testing, e.g., immunoassay. 
[0045] The binding of analyte, perse, or analyte reaction products to a binding substance in the reaction/detection 
region of the analytical devices can be detected by any number of methods, including monitoring the pressure or 
electrical conductivity of sample fluids in the device(s), as disclosed in the above-referenced related applications (see, 

15 for example, U.S. Serial No. 877,702), or by optical detection through a transparent cover, either visually or by machine. 
For example, reaction of an analyte with a binding substance in the reaction region 117 of analytical device 112 illus- 
trated in Figure 6A can be detected by monitoring the pressure of the sample fluids in certain regions of the mesoscale 
flow passages. This is accomplished in the analytical system-appliance combination of Figure 6A by means of two 
pressure detectors 59a and 59b for detecting flow pressure of fluids entering and exiting the devices through ports 14 

20 and 119, respectively. When, during the performance of an assay, particles agglomerate or molecules chemically in- 
teract to form a network causing restricted flow or an increase in the viscosity of the sample liquid passing through the 
reaction/detection region, such changes can be detected as a pressure change which is indicative of a positive result. 
Mesoscale pressure sensors, and other electrical or electro-mechanical sensors can be directly fabricated on a silicon 
substrate and can be mass-produced according to well established techniques. Angell et al., Scientific American, 248: 

25 44-55(1983). 

[0046] Other embodiments of appliances may be fabricated for use in carrying out different assay protocols with 

different devices in accordance with the present invention. One such embodiment is depicted in Figure 6B, which 

illustrates a cross sectional view of an analytical system, comprising analyte device 1 1 0' stacked upon a sample prep- 
aration device 10', disposed in nesting site 72 provided in appliance 70. A particle-containing test sample fluid is applied 

30 to appliance sample inlet 74, whereupon an impellent, such as pump 75, causes the sample fluid to pass through 
device 10', providing a sample fluid of substantially reduced particle content for analysis in analytical device 110'. The 
cover 116' of analytical device 110' has an aperture 114' open to the atmosphere to vent the system. Placement of the 
analytical device 110' on the top of the stack allows optical detection through a transparent portion of cover 116'. 
[0047] A separate view of an analytical system, comprising a sample preparation chip and an analytical device for 

35 polynucleotide amplification, in combination with an appliance of the type described above is provided in Figure 7. The 
cross-sectional view of the analytical system in Figure 7 shows appliance 90 having a nesting site occupied by sample 
preparation device 10 and the polynucleotide ampllflcatlon/assay structure 122. The discharge section 28 of flow chan- 
nel 24b in sample preparation device 10 is in fluid communication, through flow line 92 with the inlet port 124 of poly- 
nucleotide amplification/assay structure 122. Flow line 93 is in registry with outlet 129 of the analytical device and in 

^0 fluid communication with appliance outlet 94. 

[0048] The polynucleotide sample, after release from the cell component separated from the sample fluid in sample 
preparation device 10, e.g., by contacting with the suitable lysing means as described above, is introduced into am- 
plification region 127. Reagents required for amplification are also added to amplification region 127 through inlet 126, 
as shown In Figure 5. An impellent, such as a pump (not shown), is used to deliver the polynucleotide sample through 

45 flow line 92 to amplification region 127. 

[0049] Amplification reagents may be simllariy delivered to amplification region 127 through a different flow line 
provided in the appliance or in the analytical device (not shown). The product of the polynucleotide amplification reaction 
may be transferred to region 128 for detection in the manner previously described. The resultant product may be 
recovered, if desired, through appliance outlet 94. 

50 [0050] Pressure differentials along the path of flow of the test sample fluid through devices 10 and 122 may be 
measured using pressure sensor 96 in conjunction with a pressure sensor (not shown) deployed in the appliance or 

the-deviee to-measure pressure at ai)0intHdpstream^<)f-disGharge section 28 of device-IO. - 

[0051] Appliance 90 may include a heating/cooling element 95 for controlling the temperature within the polynucle- 
otide amplification region, e.g., an electrical heating element and/or a refrigeration element. An electrical heating ele- 

55 ment (not shown) may alternatively be integrated into the substrate of analytical device 122, with electrical elements 
for power mated to matching electrical contacts in the appliance below the amplificafion region 127. Alternatively, the 
appliance may include an internal or external heating means, such as a laser or other source of electromagnetic energy 
(not shown) disposed adjacent amplification region 127 of polynucleotide amplification/assay structure 122. A micro- 
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processor in appliance 90 may be used to regulate the heating element In order to provide a temperature cycle in the 
polynucleotide amplification region between a temperature suitable for dehybrldization, e.g., 94**C, and temperatures 
suitable for annealing and polymerization, e.g., 65°C, A thermocouple may also be provided in the substrate surround- 
ing amplification region 1 27 in electrical contact with the appliance to allow microprocessor or other electronic controller 

5 to detect and maintain the temperature cycles in the reaction chamber. A cooling element, such as a miniature ther- 
moelectric heat pump (Materials Electronic Products Corp., Trenton, NJ), may also be included in the appliance for 
adjusting the temperature of the amplification chamber. In another embodiment, the temperature of the polynucleotide 
amplification chamber can be regulated by a timed laser pulse directed at the reaction chamber through glass cover 
109, so as to allow sequential heating and cooling of the sample to the required temperatures for the amplification 

10 cycle. The thermal properties of silicon enable a rapid heating and cooling cycle. 

[0052] In all of the embodiments of the invention depicted in Figure 4, 6A, 6B and 7. the pump may be subject to 
control by a microprocessor in the appliance. Also, the devices illustrated in the last-mentioned figures may be retained 
securely engaged in the nesting site of the appliance, or in contact with one another, as the case may be, in various 
ways including, by way of example, a clamp (not shown) mounted on the appliance, binding of the confronting device 

15 surfaces to one another, e.g., by adhesive, or by appropriate dimensioning the devices relative to the nesting sites to 
frictionally retain the devices therein. 

[0053] A biological assay device which may be used in combination with the sample preparation device of the in- 
vention is shown in FIGURE 8A. The device 130 was fabricated on a substrate 131 having mesoscale flow channels 
132a, 132b with entry ports 133 microfabricated on opposite ends of the channels and a central mesoscale mixing/ 
20 capture/detection chamber 1 35. As depicted In FIGURE 8A, the cross-sectional dimension of chamber 1 35 is relatively 
larger than that of channel 132a, 132b. 

[0054] A capture reagent, such as a substance that binds specifically to the analyte of interest, may be immobilized, 
either on a stationary or mobile support, in chamber 135. When a mobile support, e.g. polymer particles, is used, the 
particle size should be selected so as to be relatively larger than the cross-sectional dimension of flow channel 132a, 
25 132b in order that the immobilized reagent is confined to chamber 135. A reagent Immobilized on a particulate solid 
support in this manner can conveniently be charged to chamber 135 via inlet port 137. 

[0055] A device of the type just described can be used to carry out various immunoassay reactions. For example, a 
non-competitive, immunometric assay for the determination of carcinoembryonic antigen (CEA) may be carried out by 
filling chamber 135 with monoclonal anti-CEA antibodies immobilized on a particulate support, such as plastic beads. 

30 The test sample to be analyzed for CEA is then added to fill chamber 135 and expel any fluid introduced with the 
immobilized reagent. The contents of chamber 135 are thereafter incubated for a time sufficient to effect antigen- 
antibody binding. Subsequently, an antibody enzyme conjugate, e.g. monoclonal anti-CEA antibody-horseradish per- 
oxidase is added to the chamber and the contents are again incubated. A solution of a chromogenic substrate is then 
added to chamber 1 35 which serves to wash the immobilized reagent, expelling unbound conjugate. Sufficient substrate 

35 is retained in the chamber to react with any peroxidase label bound to the immobilized reagent. The rate of generation 
of chromophore is directly proportional to the concentration of CEA In the sample. 

[0056] Device 130 may also be used to perform a competitive assay for the determination of thyroxine In a test 
sample. In carrying out this format, chamber 135 is filled with an immobilized reagent comprising anti-thyroxine anti- 
bodies bound to the surface of plastic beads. The test sample to be analyzed for thyroxine is premixed with a thyroxine- 

40 peroxidase conjugate and added to the chamber, thus filling the chamber and expelling any fluid introduced with the 
immobilized reagent. The contents of the chamber are then incubated for a time sufficient to effect antigen-antibody 
binding. A buffer may optionally be passed through chamber 135 to wash the immobilized reagent. A chromogenic 
substrate is thereafter added to the chamber, washing the immobilized reagent and expelling any unbound reagents. 
Sufficient substrate is retained in chamber 135 to react with any peroxidase label bound to the immobilized reagent. 

45 Generation of chromophore is inversely proportional to the concentration of thyroxine In the test sample. 

[0057] Although the assay structure of FIGURE 8A is configured to confine the immobilized reagent in channel 1 35, 
the design is such that fluid can be pumped over and through the immobilized reagent for washing purposes. 
[0058] It should be understood that the last-mentioned two examples are merely representative, as the device of 
FIGURE 8A, as well as the other devices described herein may be used to implement a variety of other assay formats. 

50 [0059] FIGURE 8B shows analytical device 140 microfabricated on a substrate 141 and having an inlet port 143 in 
fluid communication with a chamber 145 for analyte capture, e.g., by Immunocapture. This device Is adapted for canrying 

... out enzyme immunoassay.-To-that-end , -the device includes-a separate-chamber 147 containlr»g~a binding-agent to 

capture and concentrate the chromophore produced by the action of the enzyme label on a suitable substrate. For 
example, a protein analyte may be determined using a "sandwich" assay technique, in which the analyte is captured 

55 in chamber 145 by an antibody immobilized therein which binds specifically to the analyte. The captured analyte is 
labelled with an enzyme-antibody conjugate composed of alkaline phosphatase, for example, and an antibody that 
specifically binds the protein analyte. Fluorescein phosphate is introduced into chamber 145 as a chromogenic sub- 
strate for the enzyme label. Alkaline phosphatase acts on the substrate to generate fluorescein which is captured by 
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an anti-fluorescein antibody immobilized In chamber 147. A hydrophobic environment created in chamber 147, e.g., 
by virtue of material adhered to the walls of the structure, the capture agent or a component of the reaction mixture, 
e.g., a surfactant or micelle-forming agent, will improve the fluorescent signal from the bound fluorescein. Detection 
of the chromophore may be carried out in chamber 147 or the chromophore may be removed from the device through 
5 outlet 149 for detection In a separate apparatus, other substrates could be selected for use In carrying out this deter- 
mination, such as 4-nitrophenol phosphate or4-methylumbelllferone phosphate, with appropriate binding agents used 
to capture the dephosphorylated product. 

[0060] A diagrammatic representation of another embodiment of a biological assay device that may be used in the 
practice of the present invention is shown in FIGURE 9. The substrate 151 of device 150 is microfabricated with ports 
10 152a-e, flow channels 154a-g, reaction chambers 156a and 156b and a capture/detection chamber 158. The reaction 
chambers 156a and 156b each comprise a tortuous mesoscale flow channel. The path length of the tortuous channel 
may be designed to permit the timed mixing and addition of sample reagent(s). Devices of this type may be utilized in 
combination with an appliance having ports mated to ports in the device, which appliance is capable of delivering and 
receiving fluids through the flow system of the device and, optionally, capable of optically detecting a positive or quan- 
ts titative result in chamber 1 58. In one application of the device, the cholesterol content of a sample may be determined. 
Cholesterol esterase is applied via inlet port 152a and buffer and sample are added via Inlet ports 152b and 152c, 
respectively. The mixture then flows through channel 154d to the tortuous mixing/reaction chamber 156a. The time of 
mixing and reaction may be predetermined by microfabricating the tortuous channel to the appropriate length and 
controlling the flow rates. Cholesterol oxidase is added via port 152d and flows through channel 154g to the tortuous 
20 channel 1 56b where the timed mixing and reaction of the cholesterol oxidase with the fluid from channel 1 56a occurs. 
Heating means like those described above, may be provided to maintain the device at 37°C, or higher. A chromogenic 
substance is introduced at 154e through a flow channel (not shown) for detection. Positive or quantitative results can 
be detected optically by observing the detection chamber 158, e.g., through an optical window disposed over the 
chamber.. The detection chamber 158 may be provided with an Immobilized binding moiety capable of capturing the 
25 product of the enzyme reaction, thus facilitating detection. This device may be applied to a range of clinical enzymatic 
and other reactions. 

[0061] According to an alternative embodiment shown in FIGURE 9B, capture of a fluorescently labelled analyte 
may occur in chamber 158a, which contains an analyte-specific binding agent that binds releasably to the analyte. 
Released fluorescently labelled analyte Is captured for detection In chamber 158b. 

30 [0062] In another embodiment illustrated in FIGURE 90, flow channel 154f may be constricted, such that the flow 
path is of smaller cross-sectional area than channel 154e, thereby restricting flow of test fluid through the device. As 
depicted in FIGURE 90, channel 154f Is constructed in a pattem of parallel flow channels, with reduced dimensions 
at each channel division, providing sequentially narrower flow passages. This device may be utilized in performing 
various agglutination assays, the occurrence of particle-induced or complex-induced agglutination being detected on 

35 the basis of restricted flow of the sample through the branched portion 159 of flow channel 154f. 

[0063] FIGURE 1 0A is a diagrammatic representation of a mesoscale analytical device 170 design for carrying out 
various binding assay protocols. The device enables determination of a range of analytes on the basis of microvolumes 
of sample and small, measured amounts of reagents, with labelled product being detected within the device, so that 
all sample, unreacted reagent and reaction products remain confined in the device for subsequent disposal. 

40 [0064] The device may be used in combination with an appliance (not shown) of the general type described above 
with reference to Figure 6A. Such a device has a nesting site for holding the device, flow lines and associated pumps 
and valves for delivering sample, reagents, wash solutions and the like to the device. The appliance may also Include 
a temperature control and sensing means, pressure sensors and/or electrical connections to facilitate analyte detection, 
optical detection means, signal amplification and quantitation means, all as described herein. The combination may 

45 also include overall system sequence and control elements, quantitated Information display and recording means via 
a microprocessor in the appliance, for example, or by interfacing with an external computer. 

[0065] The device is microfabricated as previously described with the flow passages configured to provide a total 
capacity in the range of 0.01-100 jxL. preferably from about 0.5 to about 50 jiL. 

[0066] In use, a microvolume of test sample fluid Is introduced at port 171. The test sample fluid is pre-filtered by 
50 passage through the sample preparation device of the Invention, before introduction at port 171. Alternatively, the 
sample fluid may be filtered after introduction into device 1 70. Internal filtration may be beneficially achieved by a cross- 

flow -filtration technique.* As shown In Figure-lOB, flow-passage 172Tthrough-whlch sample-fluid Initially passes upon- 

introduction at inlet 1 71 , Is divided into two side-by-slde V-shaped channels 1 72a and 1 72b, separated by a longitudinal 
barrier 173, which is preferably formed from the substrate material (but may be a part of, and suspended from the 
55 cover plate or sheet). Barrier 173, together with the cover of the device, defines at least one passageway 174, as 
illustrated in Figure IOC, which allows fluid flow therethrough, but Is of sufficiently small dimension to prevent the 
passage of particulate components, e.g., cells, of a fluid sample. Barrier 173 is positioned such that inlet 171 feeds 
sample fluid directly Into flow path 172a and indirectly into flow path 172b, the fluid passing into flow path 172b having 
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a substantially reduced particle content, as compared with previously unfiltered sample entering inlet 171. 
[0067] Flow passage 1 72 may be fabricated with walls that diverge from a relatively small cross-sectional dimension 
to a relatively larger cross-sectional dimension in the downstream direction from the inlet, or with walls that converge 
from a relatively large cross-sectional dimension to a relatively smaller cross-section dimension in the downstream 

5 direction from the inlet, with barrier 173 being disposed generally parallel to at least one of the passage walls. Such 
design gives rise to nonlinear flow of the sample fluid which aids in dislodging particles from passageway 174. 
[0068] If the test sample fluid is filtered externally to device 170, the above-described internal filter may be omitted. 
Alternatively, a sample fluid that has been externally filtered can be entered directly into the device via port 175, thus 
bypassing flow passage 172. A buffer may also be introduced through port 175 for the preparation of diluted sample 

10 fluid, if desired. Excess buffer may be collected in outlet 176. 

[0069] Particulate matter trapped in flow path 172a is conveyed to outlet 176, as illustrated in Figure 10B. 
[0070] Filtrate from flow path 1 72b next passes into flow passage 1 77 which is appropriately dimensioned to function 
as a metering chamber, providing a pre-determined sample volume for analysis. The pre-determined sample volume 
will ordinarily be on the order of about 1 ^L. A scale 178 may be provided on device 170. e.g., by etching, to aid in the 

15 metering of desired amounts of sample fluid into the device for analysis. By enabling the introduction of prescribed 
sample volumes into device 170, flow passage 177 also permits quantitation of the analyte. 
[0071] A suitable impellent (not shown) incorporated in device 1 70, or in an appliance designed for use in conjunction 
with such device, can be employed for transferring the metered sample fluid to flow passage 179, which is optionally 
provided for mixing the sample fluid with the primary reagent used in performing the binding assay. The inclusion of 

20 such a mixing chamber in device 170 is beneficial for achieving more rapid and complete reaction between analyte 
and primary reagents. 

[0072] Suitable impellents for transferring sample fluid, reagents, buffers and the like through the flow system of 
device 170 includes various pumps, such as micromachined pumps, diaphram pumps, syringe pumps, volume occlu- 
sion pumps, as well as endosmotic induced flow, flow Induced by electrochemical evolution of gases and other pumping 

25 means known to those skilled in the art. 

[0073] The primary reagents may be delivered directly to flow passage 179 in the device through Inlet 180. The 
primary reagents are caused to mix with the metered sample fluid upon entering flow passage 179, which may be 
sequential or essentially simultaneous. Excess primary reagents may pass out of the flow system through outlet 181 . 
[0074] The source of primary reagent may be an Intemal storage chamber which can optionally be provided In device 

30 1 70. Alternatively, the primary reagents can be delivered to the device from a reservoir In an appliance with which the 
assay device is used, such as the appliance described with reference to Figure 6A, above, or from some other source 
extemal to the device. The primary reagents can be stored as liquid solutions, gels or neat, such as In dried or lyophllized 
form, or in any other convenient form. For example, the primary reagent can be lyophilized in place in flow passage 
179, in which case the test sample fluid or a suitable solvent introduced, for example, through inlet 180 can be used 

35 to dissolve the primary reagents. Alternatively, the test sample or a solvent may be directed by liquid transfer means, 
as noted above, from flow channel 179 to a storage chamber (not shown) outside the flow system illustrated in Figure 
10 to dissolve the primary reagents. In addition, heating or agitation means (not shown) may be provided in the storage 
chamber to aid in dissolving the primary reagents stored therein. 

[0075] The primary reaction mixture, comprising the sample fluid and dissolved primary reagents can also be reacted 
40 in flow channel 1 79, which may include structural elements, as previously described, to promote turbulent flow. Agitation 
or other means may be provided to ensure adequate mixing of the primary reaction mixture. The primary reaction 
mixture is caused to remain in flow channel 179 for a time sufficient for the desired reaction to proceed to completion. 
[0076] Means for regulating the temperature in flow channel 179, such as that previously described with reference 
to Figure 7. may optionally be utilized to enhance the primary reaction conditions. Means for sensing the temperature 
45 in flow passage 179 may also be provided, if desired. The temperature sensing means may be operatively connected 
to a microprocessor or similar device which controls the overall function of the system so as to correlate the sensed 
temperature with the residence time of the primary reaction mixture in flow passage 179. 

[0077] Upon completion of reaction, all or part of the primary reaction mixture can be transferred, e.g., by the above- 
described pumps or other impellents, to capture region 182 and detection region 183, in which one or more original 

50 components of the sample fluid or products of the primary reaction may be monitored and/or detected. Altematlvely, 
the product of a secondary reaction, the existence or concentration of which is correlatable to the existence or con- 

centpation of-the analyte of interest in-the sample-fluid^-can be employed for analyte-determination.-- — 

[0078] The detection techniques utilized in connection with device 170 are those customarily used in performing 
binding assays. Briefly, these include chemical tests, such as may be carried out by addition of test reagents; spec- 

55 troscopy, for example, to detect changes in properties of the analyte caused by chemical changes during the primary 
reaction, such as shifts in absorbance, wave lengths, changes in fluorescence polarization, changes in fluorescence 
stokes shifts, and the like; agglutination, as measured by microscope, image analysis or similar procedures; and meas- 
uring electrochemical performance of the reacted primary reaction mixture, such as specific measurement by amper- 
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ometric and/or potentiometric/voltametric techniques. 

[0079] With regard to carrying out a secondary reaction for analyte determination, a capture region, defined by flow 
passage 182, is provided into which all or part of the reacted primary reaction mixture is transferred by liquid transfer 
means of the type previously described, and in which one or more components of the products in the primary reaction 
5 mixture may be captured by binding to a surface and subsequently detected and/or quantitated. Capture reagent may 
be immobilized on the walls of flow passage 182 or on the surface of particles or beads present In flow passage 182, 
or both. 

[0080] An inlet or fill hole 1 84 may be provided to pre-fi!l flow passage 1 82 with solid phase capture reagent comprising 
plastic, latex, silica or other suitable support material, including magnetic components, capable of combining specifically 

10 to the products of the primary reaction mixture. The particulate capture reagent can be charged to flow passage 182 
either as a wet slurry, which may subsequently be dried or lyophilized, or in dry form. In either case, the filling of flow 
passage 182 can optionally be assisted by vibration or other means. The mobile solid phase of the capture reagent 
comprises particles or beads having diameters from tens of nanometers to tens of microns, with a surface coating of 
avidin, strepavidin or other substance to which biotinylated or othenvise conjugated antibodies will specifically bind. 

15 [0081] Flow passage 182 may be fabricated with flow restricting structural elements 189a, 189b or other means to 
confine the capture reagent within flow passage 182 while allowing passage of fluids therethrough. The particulate 
capture reagent may also be confined within flow passage 182 in the manner previously described with reference to 
Figure 8A. 

[0082] The primary reaction mixture is caused to remain in flow passage 182 for a time sufficient for reaction with 
20 the capture reagent to proceed to a known extent, preferably essentially to completion. Means for regulating and sens- 
ing the temperature in flow passage 1 82 may optionally be provided as noted above with reference to flow passage 1 79. 
[0083] The captured product of the primary reaction mixture is preferably washed before proceeding with the sec- 
ondary reaction. 

[0084] The reagent solution for the secondary reaction may be delivered directly to device 1 70 via inlet 1 85. Excess 
25 secondary reagent may be removed from the flow system through outlet 186 or 187. Alternatively, the reagent for the 
secondary reaction may be kept prior to dissolution and use In a storage chamber in device 170, or In an appliance 
used in conjunction with the device, or In some other convenient source external to the device. One or more flow lines 
appropriately mated with flow passages in device 170 and operatively connected to an impellent may optionally be 
provided to transfer solvent from an input port to the above-mentioned secondary storage chamber where stored re- 
30 agents are dissolved to form the secondary reaction solution. 

[0085] The reagent for the secondary reaction may include an enzyme substrate specific to an enzyme conjugated 
to the captured primary reaction product, as well as substances which, when dissolved in the secondary reaction 
solution, assist in washing of the bound primary reaction product. 

[0086] The secondary reaction preferably occurs in flow passage 1 82, wherein the secondary reaction solution reacts 
35 with captured primary reaction products. The product of the secondary reaction may be a substance selected from the 
group of molecules or ions directly or indirectly detectable based on light absorbance, fluorescence, phosphorescence 
properties; molecules or ions detectable by their radioactive properties; or molecules or ions detectable by their nuclear 
magnetic resonance or paramagnetic properties. The product of the secondary reaction may be amplified, according 
to procedures known In the art to enhance the detection thereof. For example, an enzyme amplification reaction may 
40 be employed, which releases a florophore generated from a non-fluorescent precursor In the secondary reaction so- 
lution. 

[0087] After the secondary reaction is complete, the resultant product may be detected and quantitated either within 
flow passage 182 or subsequently in detection region 183, or.in a detector external to device 170. 
[0088] The preferred cross-sectional dimensions of flow passages 177 and 183, transverse to the path of flow of 
45 sample fluid, are about 100 p.m wide and 70 ixm deep, whereas the preferred cross-sectional dimensions of flow pas- 
sages 179 and 182, transverse to the path of flow of sample fluid, are about 400 |im wide and 70 p.m deep. These 
dimensions are within the mesoscale range, as set forth above. 

[0089] Various binding assay protocols can be implemented In device 1 70 Including immunometric (sandwich) assays 

as well as competitive immunoassays, employing both polyclonal and monoclonal antibodies for purposes of capture 
50 and detection of analyte. One form of detection antibody comprises a conjugated label wherein the label is florophore 

detectable as a bound moiety after capture on a solid phase. Another form of detection antibody comprises a conjugated 
- - — label wherein the-label is-florophore detected-afteFrelease-from-the captured primary reaction productT-Another form- 

of detection antibody comprises a conjugated enzyme moiety such as horseradish peroxidase or alkaline phosphatase. 

[0090] Washing steps may be carried out as appropriate to eliminate potentially interfering substances from device 
55 170. 

[0091] Excess sample fluid, reagents, wash solutions and the like from the various flow passages and structural 
elements may be combined and routed into a single waste receptacle of adequate capacity, preferably within device 
170, such that alt sample fluid and reaction products are safely contained for disposal. 
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[0092] FIGURE 11A diagrammatical ly depicts an analytical device 191 used to determine the presence of an Intra- 
cellular polynucleotide in a biological cell-containing fluid sample, and then to perform an assay for a particular nucle- 
otide sequence. MIcrofabrlcated on substrate 192 is a mesoscale flow path 194a-c which includes a cell separation 
chamber 196a, a cell lysis chamber 196b, a filter element 197, a polynucleotide amplification chamber comprising 
5 sections 198a and 198b, and a detection region 199. The mesoscale flow system is also provided with fiuid entry/exit 
ports 193a-d. The device can be used in combination with an appliance, such as that described above with reference 
to FIGURE 6A. 

[0093] Initially, the valves in the above-mentioned appliance function to close ports 1 93c and 1 93d, while ports 1 93a 
and 193b are open. A sample containing a mixture of cells, e.g., transferred from the sample preparation device, is 

10 directed to the sample inlet port 1 93a by a suitable impellent, e.g. a pump, (not shown), and fiows through the mesoscale 
fiow channel 194a to separation chamber 196a. Chamber 196a contains binding moieties immobilized on the wall of 
the chamber which selectively bind to a surface molecule on a desired cell type in the sample. Remaining cellular 
components exit the substrate via port 193b. After binding of the desired cell type In chamber 196a, fiow with buffer is 
continued, to wash and assure isolation of the target cells. Next port 193b is closed and 193c is opened. Flow is then 

15 increased sufficiently to dislodge the immobilized cells from chamber 196a. Flow is continued, forcing cells through 
membrane piercing protrusions 195 In chamber 196b, which tear open the cells releasing intracellular material. 
[0094] Sample fiow continues past filter 1 97, which filters off large cellular membrane components and other debris, 
with the filtrate passing to mesoscale PGR chamber section 198a, which is connected to PGR chamber section 198b 
by flow channel 194b. Taq polymerase, primers and other reagents required for the PGR assay next are added to 

20 section 198b through port 193c from a source thereof (not shown), permitting mixing of the intracellular soluble com- 
ponents from the separated subpopulation of cells and the PGR reagents. With the ports closed (to ensure that the 
reaction mixture does not evaporate, or otherwise becomes lost from the device), an impellent, e.g. a pump, (not 
shown), applies a motive force to port 1 93b to cycle the PGR sample and reagents through flow channel 1 94b between 
sections 198a and 198b, set at 94°G and 65°G, respectively, to implement plural polynucleotide melting and polymer- 

25 ization cycles, allowing the amplification of the polynucleotide of interest. Before the next process step, port 193c is 
closed and port 193d is opened. The same impellent force is then used to direct the amplified polynucleotide isolated . 
from the cell population to a detection region 199 in the form of a pattern of flow channels like that described above 
with reference to FIGURE 9G. Flow reduction in the restricted region serves as a positive Indicator of the presence of 
amplified polynucleotide product and may be detected optically through a glass cover disposed over the detection 

30 region 199. Alternatively, the amplified polynucleotide product may be detected directiy in the reaction chamber, using 
commercially available reagents developed for such purpose, such as the "Taq Man®" reagents, available from Perkin 
Elmer Gorporation. The amplified polynucleotide may also be detected outside the device using various methods known 
in the art, such as electrophoresis In agarose gel in the presence of ethidium bromide. 

[0095] Another embodiment of an analytical device which is useful in the practice of this invention is illustrated in 

35 FIGURE 11 B. The device 210 comprises a substrate 214 microfabricated with a mesoscale polynucleotide amplification 
chamber 222A. The device 210 can be used in combination with an appliance like appliance 90 shown in FIGURE 7. 
The appliance is provided with flow paths mated to ports 21 6A, 21 6B, 21 6G and 21 6D in device 210. The appliance 
may also include valves that allow the ports 216A, 216B, 216G and 216D to be mechanically opened and closed. In 
one embodiment, the flow system of the devices may be maintained at a hydraulically full volume, and valves in the 

40 appliance may be utilized to direct fluid flow. Ghamber 222A is heated and cooled to temperatures appropriate to 
provide a dehybrid ization temperature, and annealing and polymerization temperatures, as required for PGR. Temper- 
ature of the reaction region can be controlled as previously described with reference to FIGURE 7. 
[0096] The fiow system illustrated in Figure 11 B Includes filter elements 224, of the general type described herein, 
to remove from the sample fluid filterable components having a tendency to interfere with the analysis. 

45 [0097] In operation, a sample containing polymerase enzyme and other reagents required for PGR is delivered 
through inlet port 21 6A to reaction chamber 222A. With the ports closed, a heating element Is then utilized to thermally 
cycle the reaction chamber between a temperature suitable for dehybridlzation and temperatures suitable for annealing 
and polymerization. When the PGR reaction cycle is terminated, ports 216B and 216D are opened, driving the contents 
of chamber 222A to detection region 222B. which region contains a polynucleotide probe, e.g., immobilized upon beads 

50 292. A positive assay for the polynucleotide is Indicated by agglutination of the beads in the detection region. 

[0098] Although polynucleotide amplification has been described herein with particular reference to PGR, It will be 
- • — appreciated by-those skilled-in-the art-that-the-devices-and systems of the present invention may-be utilized equally — 
effectively for a variety of other polynucleotide amplification reactions. Such additional reactions may be thermally 
dependent, such as the polymerase chain reaction, or they may be carried out at a single temperature (e.g., nucleic 

55 acid sequenced-based amplification (NASBA)). Moreover, such reactions may employ a wide variety of amplification 
reagents and enzymes, including DNA ligase, T7 RNA polymerase and/or reverse transcriptase, among others. Addi- 
tionally, denaturation of polynucleotides can be accomplished by known chemical or physical methods, alone or com- 
bined with temperature change. Polynucleotide amplification reactions that may be practiced in the device of the in- 
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vention include, but are not limited to: (1 ) target polynucleotide amplification methods such as self-sustained sequence 
replication (3SR) and strand-displacement amplification (SDA); (2) methods based on amplification of a signal attached 
to the target polynucleotide, such as "branched chain" DNA amplification (Chiron Corp., Emeryville, CA); (3) methods 
based on amplification or probe DNA, such as ligase chain reaction (LCR) and QB replicase amplification (QBR); (4) 
5 transcription-based methods, such as ligation activated transcription (NASBA) ; and (5) various other amplification 
methods, such as repair chain reaction (RCR) and cycling probe reaction (CPR) (for a summary of these methods and 
their commercial sources, see pp. 2-7 of The Genesis Report , DX, Vol. 3, No. 4, Feb. 1994; Genesis Group, Montclair, 
NJ). 

[0099] The sample preparation device of the invention may be used in conjunction with Mesoscale Polynucleotide 

10 Amplification Devices, which is the subject matter of U.S. Serial No. 08/308,199. 

[0100] Briefly, the last-mentioned patent application relates to mesoscale devices for amplification of a preselected 
polynucleotide in a sample fluid. The devices are provided with a substrate microfabricated to include a polynucleotide 
amplification reaction chamber having at least one cross-sectional dimension of about 0.1 to lOOOjim. 
The device also includes at least one port in fluid communication with the reaction chamber, for introducing a sample 

15 to the chamber, for venting the chamber when necessary, and, optionally, for removing products or waste material from 
the device. The reaction chamber may be provided with reagents required for amplification of a preselected polynu- 
cleotide. The device also may include means for thermally regulating the contents of the reaction chamber, to amplify 
a preselected polynucleotide. Preferably, the reaction chamber is fabricated with a high surface to volume ratio, to 
facilitate thermal regulation. The amplification reaction chamber also may contain a composition which diminishes 

20 inhibition of the amplification reaction by material comprising a wall of the reaction chamber, when such treatment is 
required. 

[0101] Appliances 30, 50, 70 and 90, as shown in Figures 4, 6A, 6B and 7, respectively, may also be utilized to 
deliver metered amounts of sample, reagent buffer and the like, as well as to implement the timed addition of sample 
or other fluids to the devices In connection with the performance of prescribed analytical protocols. 
25 [0102] In those cases where a microprocessor is included in the appliance it may be used to assist in the collection 
of data, for one or a series of analyses. 

[0103] Although analyte determination has been described above with particular reference to whole blood as the 
sample fluid, the analyte of interest may be present in test samples or specimens of varying origin, Including other 
biological fluids such as vyhole blood containing anti-coagulants, dilute whole blood, lysed whole blood, whole blood 
30 containing assay reagents, serum, plasma, urine, sperm, cerebrospinal fluid, amniotic fluid, lavage fluids, tissue ex- 
tracts, cell suspensions and any other sample fluid that can be beneficially analyzed using the device and systems 
described herein. 

[0104] Figures 12A-D illustrate various additional embodiments of microfabricated, restricted flow separators which 
may be disposed in the flow passages of the devices described herein. The separator in Figure 12A is In the form of 

35 a plurality of partitions 251 , projecting from opposite surfaces 252a, 252b of channel 253, so as to define a series of 
passageways 254a, 254b, which are aligned longitudinally along the channel. One or more intermediate partitions 255, 
projecting from the bottom of channel 250 may be disposed adjacent the downstream-facing portion of one or more 
of partitions 251 , to stand as barriers or baffles within the flow path provided by aligned passageways 253. 
[0105] Sample fluid passing through the relatively narrow passageways 254a, 254b at relatively high speed will tend 

40 to disperse into the space between consecutive partitions, while reducing in speed and moving into the dead volume 
corners of such space. When sample fluid then passes Into the next successive inter-partltlon space, particulate matter 
may be relatively retained in the dead volume. Thus, for each passage into a subsequent inter-partition space, partic- 
ulate matter is progressively retained and sample fluid becomes gradually more purified as it flows downstream through 
the partitions, with a sufficient number of partitions In series, progressive reduction In particle concentration would be 

45 enabled, the efficiency of which could be predetermined. Baffles 255 would assist in directing the sample fluid Into the 
dead volume region. 

[0106] In Figure 12C, there is shown a weir-type separator structure formed by barriers 257 projecting up from the 
bottom 258 of channel 250. 

[0107] The separator structure shown in Figures 12C and 12D tal<es advantage of the propensity of particles to fall 
50 under the influence of gravity. This may be particulariy useful in the analysis of whole blood, by promoting the sedi- 
mentation of erythrocytes. The sample fluid passes at high speed over barrier 257, then immediately slows. Any par- 

. ticulate-matter-falling -towards the-floor of channel -250-will experience- a lower- supporting veloGity-and-a-dirainished — 

opportunity of being swiried up over the next succeeding barrier. Passage of sample fluid over a series of such barriers 
may progressively reduce particulate concentration and produce gradually more purified sample fluid. One or more 
55 Hps 259 suspended from cover plate 260 assists in downwardly directing the sample fluid. 

[0108] The following examples are provided to describe the use of an analytical device to which the sample prepa- 
ration device of the present invention may be attached. 
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EXAMPLE 1 



[0109] A plastic-silicon composite assay device was fabricated by attaching a plastic {3M transparency sheet) cover 
over a silicon substrate 131, microfabricated with flow channels 132a. 132b having entry ports 133 on opposite sides 
5 of the channel and a central reaction/detection chamber 135, as shown schematically in Figure 8A. A dilution of anti- 
A (in 0.05 M sodium bicarbonate pH 9.6) and a 1 :10 dilution of Type A blood in saline were introduced via syringe using 
a holder into the entry ports 133 on opposite ends of the channel 132a, 132b. The solutions mixed together in the 
central chamber 135 and agglutination was observed through the plastic cover by light microscopy. The results are 
summarized in the following table. 

10 



ANTI-A 


DILUTION 


AGGLUTINATION IN CHANNEL 


Gamma Kit 


1:20 


+ 


Gamma Murine Mono 


1:20 


+ 


Gamma Human Dilution 


1:5 


+ 


Immucor Affinity pure 


1:100 


+ 


Immucor Ascites 


1:100 


+ 



EXAMPLE 2 

20 

[0110] A solution of mouse IgG (50 |ig/mL in 0.05 M sodium bicarbonate pH 9.6) (SIGMA Cat. No. 1-5381) and a 1: 
20 dilution of goat anti-mouse IgG (H&L) - fluorescence carboxylate beads (Polysciences, Inc.) in PBS buffer were 
introduced via syringe using a holder into the entry ports on opposite ends of channels 132a, 132b in another assay 
device prepared as described in Example 1 . The solutions were mixed together in the reaction/detection chamber 135 
and agglutination was observed through the transparent plastic cover by light microscopy. 



Claims 



1. A device for preparing a test sample, comprising particulate components, for analysis, said device comprising a 
sample flow passage having a sample inlet and an outlet in fluid communication and a separator disposed between 
said inlet and said outlet, said separator having an upstream-facing portion defining a separation zone in said flow 
passage in which said particulate components are collected, and a flow channel in fluid communication with said 
separation zone for affording discharge of collected particulate components from said separation zone, said chan- 
nel having an inlet section for directing a carrier fluid into said separation zone, and a discharge section for directing 
said carrier fluid from over the upstream facing portion of said separator and out of said separation zone, at least 
one of said flow passage and said flow channel sections having at least one mesoscale dimension, said mesoscale 
dimension being a cross-sectional dimension of width or depth which is between 0.1 and 1000 fim, characterised 
in that the device does not include valves, and characterised in that said inlet section of said flow channel is 
arranged to direct said carrier fluid into said separation zone over said upstream-facing portion of said separator. 

2. The device of claim 1 , wherein said flow passage has at least one mesoscale dimension and said separator com- 
prises a region of restricted flow in said flow passage, said region of restricted flow being formed by at least one 
passageway having at least one mesoscale dimension, which is smaller than the least mesoscale dimension of 
said flow passage and being sufficiently small to separate said particulate components from said test sample, both 
said mesoscale dimensions being a cross-sectional dimension of width or depth which is between 0.1 and 1 000 )xm. 



3. The device of claim 2, wherein said at least one passageway has at least one bend therein such that at least a 
part of said passageway is generally perpendicular to said flow passage, 

4. The device of claim 1 , wherein said flow passage and said flow channel are formed in a surface of a solid substrate 

and enclosed by a cover adhered to-said^urface: — 

5. The device of claim 4, wherein said separator is in the form of at least one generally upstanding projection of said 
substrate which is disposed in said flow passage and which restricts the flow of test sample along said flow passage. 

6. The device of claim 4, wherein said cover is transparent 
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7. In combination, the device of claim 1 and an appliance for use with said device, said appliance comprising a holder 
for said device, a test sample input conduit interfitted with the sample inlet of said device and an impellent for 
moving test sample along said flow passage. 

5 8. The combination of claim 7, wherein said appliance further comprises a reservoir for said test sample. 

9. The combination of claim 7, wherein said appliance further comprises a carrier fluid input conduit interfitted with 
said inlet section of said flow channel and an impellent for moving carrier fluid along said flow channel. 

10 10. The combination of claim 7, wherein said appliance further comprises a reservoir for said carrier fluid. 

11. A system for determining an analyte in a fluid sample, said system comprising a device according to claim 1 and 
an analyte detection device wherein said analyte detection device comprises: 

15 a solid substrate fabricated to define: 

a sample inlet port in fluid communication with the sample outlet of the device of claim 1 ; and a flow system 
comprising: 

20 an analyte detection region in fluid communication with said sample inlet port, said region containing 

a reagent which interacts with said analyte to yield a detectable product which Is determinative of said 
analyte, and a detector for detecting said product. 

12. The system of ciaim 11, which further comprises, in said analyte detection device, a sample flow channel inter- 
ns connecting said inlet port and said analyte detection region, at least one of said analyte detection region and said 

sample flow channel having at least one mesoscale dimension, said mesoscale dimension being a cross-sectional 
dimension of width or depth which is between 0.1 and 1000 |Lim. 

13. The system of claim 12, wherein said reagent is a binding substance that binds specifically to said analyte. 

30 

14. The system of claim 13, wherein said analyte is an antigen and said binding substance is an antibody 

15. The system of claim 13. wherein said analyte is a ligand and said binding substance is a receptor. 

35 16. The system of claim 13, wherein said analyte is a nucleic acid molecule of predetermined sequence and said 
binding substance is a nucleic acid molecule having a sequence complementary or homologous to the sequence 
of said analyte. 

17. The system of claim 11 further comprising a device for performing analysis of preselected polynucleotide derived 
40 from cells, said analysis comprising a polynucleotide amplification reaction, said polynucleotide analysis device 

comprising: 

a solid substrate fabricated to define: 

45 a sample inlet port in fluid communication with the sample outlet of the device of claim 1 ; and a flow system 

comprising: 

a polynucleotide amplification region in fluid communication with said sample inlet port, said polynu- 
cleotide amplification region containing reagents for amplifying a polynucleotide, and lysing means 

50 intermediate the discharge section of the flow channel of said sample preparation device and said 

polynucleotide amplification region for lysing said cells, the discharge section of the flow channel of 

. _ — said sarnple-preparatlon device being in-fluid-communication with^he sample inlet port of said po 

nucleotide analysis device. 

55 18. The system of claim 17, which further comprises a sample flow channel in said polynucleotide analysis device 
interconnecting the inlet port of said device and said polynucleotide amplification region at least one of said poly- 
. nucleotide amplification region and the sample flow channel connected therewith having at least one mesoscale 
dimension, said mesoscale dimension being a cross-sectional dimension of width or depth which is between 0.1 
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and 1000 \in\. 

In combination, the system of claim 11 and an appliance for use with said system, said appliance comprising a 
holder for said system, a test sample input conduit interfitted with the sample inlet of said sample preparation 
device and an impellent for moving test sample along the flow path of said sample preparation device. 

The combination of claim 19. wherein said appliance further comprises a reservoir for said test sample. 

In combination, the system of claim 17, and an appliance for use with said system, said appliance comprising a 
holder for said system, a test sample input conduit interfitted with the sample inlet of said sample preparation 
device, and an impellent.for moving said test sample along the flow passage of said sample preparation device, 
a carrier fluid input conduit interfitted with said inlet section of the flow channel of said sample preparation device 
and an impellent for moving the said carrier fluid along said flow channel. 

The combination of claim 21 , wherein said appliance further comprises a reservoir for said carrier fluid. 

The combination of claim 21, wherein said appliance further comprises a detector for detecting a parameter of 
said test sample in said analyte detection device or said polynucleotide analysis device. 

A system for performing an analysis of preselected polynucleotide derived from cells, said analysis comprising 
polynucleotide amplification, said system comprising a sample preparation device according to claim 1 and a 
device for carrying out polynucleotide amplification which comprises: 

a solid substrate fabricated to define:. 

25 

a sample Inlet port In fluid communication with the sample outlet of the device of claim 1 ; and a flow 
system comprising: 

a polynucleotide amplification region in fluid communication with said inlet port, said polynucleotide 
30 amplification region containing reagents for amplifying a polynucleotide, and a sample flow channel 

interconnecting the inlet port and the polynucleotide amplification region, at least one of said sample 
flow channel and said polynucleotide amplification region having at least one mesoscale dimension, 
said mesoscale dimension being a cross-sectional dimension of width or depth which is between 0.1 
and 1000 \im and lysing means in said flow channel upstream of said polynucleotide amplification 
35 region for lysing said cells, the discharge section of the flow channel of said sample preparation device 

being in fluid communication with the sample inlet port of said polynucleotide amplification device. 



Patentanspriiche 

40 

1. Vorrichtung zur Vorbereitung einer partikulare Bestandteile enthaltenden Testprobe fur die Analyse, wobei die. 
Vorrichtung einen Probenstrdmungsdurchgang mit einem Probeneinlafi und einem Probenauslafi, die in fluidischer 
Verbindung stehen, sowie einem zwischen dem Einlall und dem Auslall angeordneten Trennelement, wobei das 
Trennelement einen stromaufwarts weisenden Teil, durch den eine Trennzone in dem Stromungsdurchgang defi- 
es niert ist, in der die partikularen Bestandteile gesammelt werden, sowie einen mit der Trennzone In fluidischer 

Verbindung stehenden Stromungskanal zur Ableltung gesammelter partlkuldrer Bestandteile aus der Trennzone 
aufweist, wobei der Kanal einen EInlaBabschnitt zum Zufuhren einer Tragerflussigkeit in die Trennzone sowie 
einen Ableitungsabschnitt zum Abfuhren der Tragerflussigkeit von Qber den stromaufwarts weisenden Teil des 
Trennelements und aus der Trennzone heraus aufweist, wobei von dem Str5mungsdurchgang und den StrSmungs- 
50 kanaiabschnitten wenigstens einer mindestens eine Abmessung im Mesomaflstab aufweist, bei der es sich urn 

eine Querschnittsabmessung von entweder Breite Oder Tiefe handelt, die zwischen 0,1 jim und 1000 |im liegt, 

-umfafltv dadurch gekennzeichnet, daft dieA/oRichtung keine Ventile enthaltrund dadurch gekennzeiehnetrdaft- 

der Einlaflabschnitt des Stromungskanals so angeordnet ist, daf^ die TrSgerflusslgkeit In die Trennzone Qber den 
stromaufwarts weisenden Teil des Trennelements gefuhrt wird. 

55 

2. Vorrichtung nach Anspruch 1, wobei der Stromungsdurchgang mindestens eine Abmessung im Mesomaflstab 
aufweist und das Trennelement einen Bereich mit eingeschrankter Stromung in dem Stromungsdurchgang umfalit, 
wobei der Bereich mit eingeschrankter Stromung von wenigstens einem Durchgangsweg mit mindestens einer 
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Abmessung im MesomaHstab, die kleiner ist als die geringste Abmessung im Mesomalistab des Strdmungsdurch- 
gangs und hinreichend klein ist, urn die partikularen Bestandteile von der Testprobe zu trennen, wobel es sich bei 
den beiden Abmessungen im MesomaHstab urn eine Querschnittsabmessung von entweder Brelte Oder Tiefe 
handelt, die zwischen 0,1 p,m und 1000 p.m liegt. gebildet wird. 

5 

3. Vorrichtung nach Anspruch 2, wobei der wenigstens eine Durchgangsweg wenigstens eine darin llegende Blegung 
aufweist, so dafl wenigstens ein Teii des Durchgangswegs im wesentlichen senkrecht zum Stromungskanai steht. 

4. Vorrichtung nach Anspruch 1 , wobei der Stromungsdurchgang und der Stromungskanai in einer Oberflache eines 
10 festen Substrats gebildet werden und von einer an der Oberflache haftenden Abdeckung umschlossen sind. 

5. Vorrichtung nach Anspruch 4, wobei das Trennelement in Form wenigstens eines im wesentlichen aufrechten 
Vorsprungs des Substrats vorliegt, das in dem Stromungsdurchgang angeordnet ist und der den Fluli der Testprobe 
den Str5mungsdurchgang entlang einschrankt. 

15 

6. Vorrichtung nach Anspruch 4, wobei die Abdeckung durchsichtig ist. 

7. Vorrichtung nach Anspruch 1 in Kombination mit einem Gerat zur Verwendung mit der Vorrichtung, wobei das 
Gerat einen Halter fur die Vorrichtung, eine mit dem Probeneinlafi der Vorrichtung zusammengepasste Leitung 

20 zum Einbringen der Testprobe sowie ein Antriebselement zum Bewegen der Testprobe den Stromungsdurchgang 

entlang umfadt. 

8. Kombination nach Anspruch 7, wobei das GerSt weiterhin einen Vorratsbehaiter fOr die Testprobe umfallt. 

25 9. Kombination nach Anspruch 7, wobei das Gerat weiterhin eine mit dem Einlaftabschnitt des Stromungskanals 
zusammengepasste Leitung zum Einbringen der Tragerflussigkeit sowie ein Antriebselement zum Bewegen der 
TrSgerflUssigkeit den-Str5mungskanal entlang umfafit. . . 

10. Kombination nach Anspruch 7. wobei das Gerat weiterhin einen Vorratsbehaiter fur die Tragerflussigkeit umfallt. 

30 

11. System zur Bestimmung eines Analyten in einer Flussigkeitsprobe, wobei das System eine Vorrichtung nach An- 
spruch 1 sowie eine Analytnachweisvorrichtung umfaUt, die 

ein zur Definition 

einer Probeneinlalioffnung in fluidischer Verbindung mit dem Probenauslali der Vorrichtung nach Anspruch 1 und 
35 eines Stromungssystems, das 

einen Analytnachweisbereich In fluidischer Verbindung mit der Probeneinlafioffnung, wobei der Bereich ein Rea- 
genz, das mit dem Analyten unter Erhalt eines nachweisbaren Produkts, durch das der Analyt festgelegt ist, wech- 
selwirkt. enthalt, und einen Detektorzum Nachwels des Produkts umfaflt, hergestelltes festes Substrat umfalit. 

40 12. System nach Anspruch 11 , in dem weiterhin die Analytnachweisvorrichtung einen die Einlalioffnung und den Ana- 
lytnachweisbereich verbindenden Probenstromungskanal enthalt, wobei entweder der Analytnachweisbereich 
Oder der Probenstromungskanal oder beide mindestens eine Abmessung im IVIesomaflstab aufweisen, bei der es 
sich urn eine Querschnittsabmessung von entweder Breite oder Tlefe handelt, die zwischen 0.1 [im und 1000 ^im 
liegt. 

45 

13. System nach Anspruch 12, wobei es sich bei dem Reagenz urn eine spezifisch an den Analyten bindende Bin- 
dungssubstanz handelt. 

14. System nach Anspruch 13, wobei es sich bei dem Analyten um ein Antigen und bei der Bindungssubstanz um 
50 einen Antikorper handelt. 

.45.. System-nach-Anspru€h -13i~wobei es-sieh be! dem-Analyten um- einen Liganden-und bei-der- Bindungssubstanz- — - 

um einen Rezeptor handelt. 

55 16. System nach Anspruch 13, wobei es sich bei dem Analyten um ein NukleinsSuremoIekui einer vorgegebenen 
Sequenz und bei der Bindungssubstanz um ein Nukleinsduremolekul mit einer zur Sequenz des Analyten kom- 
plementaren oder homologen Sequenz handelt. 
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17. System nach Anspruch 11, das weiterhin eine Vorrichtung zur Durchfuhrung der Analyse eines aus Zellen stam- 
menden vorgewahlten Polynukleotids umfadt. wobei die Analyse eine Polynukleotidamplifikationsreaktion umfaf^t 
und die Polynukleotidanaiysevorrichtung 

ein zur Definition 

einer Probeneinlalioffnung In fluidischer Verbindung mit dem ProbenauslaB der Vomchtung nach Anspruch 1 und 

eines Stromungssystems, das 

einen Polynukleotidamplifikationsbereich in fluidischer Verbindung mit der Probeneinladoffnung. wobei der Poly- 
nukleotidamplifikationsbereich Reagentien zur Ampllfikation eines Polynukleotids enthalt, und zwischen dem Ab- 
leitungsabschnitt des Stromungskanals der Probenvorbereitungsvorrichtung und dem Polynukleotidamplifikati- 
onsbereich befindliche Lysemittel zur Lyse der Zellen umfalit, wobei der Ableitungsabschnitt des Stromungskanals 
der Probenvorbereitungsvorrichtung in fluidischer Verbindung mit der Probenelnlalidffnung der Polynukleotidana- 
lyse vorrichtung steht, 
hergestelltes festes Substrat umfalit. 

18. System nach Anspruch 17, in dem weiterhin die Polynukleotidanalysevorrichtung einen die Einlafloffnung der 
Vorrichtung und den Polynukleotidamplifikationsbereich verbindenden Probenstromungskanal enthalt, wobei ent- 
weder der Polynukleotldampliflkationsbereich oder der damit verbundene Probenstr5mungskanal oder beide min- 
destens eine Abmessung im MesomaBstab aufweisen, be! der es sich urn eine Querschnlttsabmessung von ent- 
weder Breite oder Tiefe handelt. die zwischen 0,1 p.m und 1000 jim liegt. 

19. System nach Anspruch 11 in Kombination mit einem Gerat zur Verwendung mit dem System, wobei das Gerat 
einen Halter fur die Vorrichtung, eine mit dem Probeneinlafi der Probenvorbereitungsvorrichtung zusammenge- 
passte Leitung zum Einbrlngen der Testprobe sowie ein Antriebselement zum Bewegen der Testprobe den Strd- 
mungsweg der Probenvorbereitungsvorrichtung entlang umfaflt. 

20. Kombination nach Anspmch 19, wobei das Gerat weiterhin einen Vorratsbehalter fur die Testprobe umfalSt. 

21. System nach Anspruch 17 in Kombination mit einem Gerat zur Ven/vendung mit dem System, wobei das Gerat 
einen Halter fur das System, eine mit dem Probeneinlall der Probenvorbereitungsvorrichtung zusammengepasste 
Leitung zum Einbringen der Testprobe und ein Antriebselement zum Bewegen der Testprobe den Strdmungs- 
durchgang der Probenvorbereitungsvorrichtung entlang, eine mit dem EinlaBabschnitt des Stromungskanals der 
Probenvorbereitungsvomchtung zusammengepasste Leitung zum Einbringen der TrSgerflusslgkelt sowie ein An- 
triebselement zum Bewegen der TrSgerflussigkeit den Strdmungskanal entlang umfalit. 

22. Kombination nach Anspruch 21 , wobei das GerSt weiterhin einen Von^atsbehdlter fur die Tragerftusslgkelt umfadt. 

23. Kombination nach Anspruch 21, wobei das Gerat weiterhin einen Detektor zum Nachweis eines Parameters der 
Testprobe in der Analytnachweisvon'ichtung oder der Polynukleotidanalysevorrichtung umfalit. 

24. System zur DurchfQhrung einer Analyse eines aus Zellen stammenden vorgewahlten Polynukleotids, wobei die 
Analyse eine Polynukleotidamplifikationsreaktion umfalit, wobei das System eine Probenvorbereitungsvorrichtung 
nach Anspruch 1 sowie eine Vorrichtung zur Durchfuhrung einer Polynukleotidamplifikation umfalit, die 

ein zur Definition 

einer Probeneinlalidffnung in fluidischer Verbindung mit dem Probenauslafi der Vorrichtung nach Anspruch 1 und 
eines Stromungssystems, das 

einen Polynukleotidampllfikationsberelch in fluidischer Verbindung mit der Einlafioffnung. wobei der Polynukleo- 
tidamplifikationsbereich Reagentien zur Amplifikation eines Polynukleotids enthalt, und einen die Einlafioffnung 
und den Polynukleotidamplifikationsbereich verbindenden Probenstromungskanal enthalt, wobei entweder der 
Probenstromungskanal oder der Polynukleotidamplifikatlonsbereich oder belde mindestens eine Abmessung im 
Mesomalistab aufweisen, bei der es sich um eine Querschnlttsabmessung von entweder Breite oder Tiefe handelt, 
die zwischen 0,1 ^m und 1000 ^m liegt, sowie in dem Strdmungskanal stromaufwarts von dem Polynukleotidam- 
_ — plifikationsbereich befindliche-Lysemittel Z4jr Lyse der Zellen umfa^t, wobei -der^-Ableitungsabschnitt-des-Stro- — 
mungskanals der Probenvorbereitungsvorrichtung in fluidischer Verbindung mit der Probeneinlalidffnung der 
Polynukleotidamplifikationsvorrichtung steht, hergestelltes festes Substrat umfalit. 
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Revendications 

1. Dispositif pouria preparation d'unechantillon pouressai, comprenantdescomposantsparticulaires, pourl'analyse, 
ledit dispositif comprenant un passage pour debit d'echantillon ayant une entree d'echantillon et une sortie en 

5 communication fluide et un s^parateur dispose entre ladite entree et ladite sortie, ledit sSparateur ayant une partie 

ascendante faisant face definissant une zone de separation dans ledit passage pour debit dans lequel lesdits 
composants particuiaires sont r6coltes et un canal en communication fluide avec ladite zone de separation pour 
pouvoir dScharger les composants particuiaires rdcolt^s de ladite zone de separation, ledit canal ayant une section 
d'entree pour diriger un fluide de transport dans ladite zone de separation, de dessus la partie ascendante faisant 

10 face dudit separateur et une section de decharge pour diriger ledit fluide de transport en dehors de ladite zone de 

separation, au moins une de ladite section de passage pour debit et de ladite section de canal pour debit ayant 
au moins une dimension de mesoechelle, ladite dimension de mesoechelle etant une dimension transversale de 
largeur ou de profondeur qui est entre 0,1 et 1000 fim, caracterise en ce que le dispositif n'inclut pas de valves 
et caracterise en ce que ladite section d'entree dudit canal pour debit est disposee pour diriger ledit fluide de 

15 transport dans ladite zone de separation sur la partie ascendante faisant face dudit separateur. 

2. Dispositif selon la revendication 1 . dans lequel ledit passage pour debit a au moins une dimension de mesoechelle 
et ledit separateur comprend une region de debit restreint dans ledit passage pour debit, ladite region de debit 
restreint etant formee par au moins une voie de passage ayant au moins une dimension de mesoechelle, qui est 

20 plus petite que I'au moins une dimension de mesoechelle dudit passage pour debit et qui est suffisamment petite 

pour separer lesdits composants particuiaires dudit echantillon pour essai, les deux dimensions de mesoechelle 
etant une dimension transversale de largeur ou de profondeur qui est entre 0,1 et 1000 p.m. 

3. Dispositif selon la revendication 2, dans lequel ladite au moins une voie de passage a au moins un coude de sorte 
25 qu'au moins une partie de ladite voie de passage est generalement perpendiculaire audit passage pour debit. 

4. Dispositif selon la revendication 1 , dans lequel ledit passage pour debit et ledit canal pour debit sont formes dans 
une surface d'un substrat solide et enfermes par un couvercle qui adhere a ladite surface. 

30 5, Dispositif selon la revendication 4, dans lequel ledit separateur est sous la forme d'au moins une projection gene- 
ralement droite dudit substrat qui est dispose dans ledit passage pour debit et qui restreint le debit de I'echantillon 
pour essai le long dudit passage pour debit. 

6. Dispositif selon la revendication 4, dans lequel ledit couvercle est transparent. 

35 

7. Combinaison du dispositif selon la revendication 1 et d'un appareil pour I'utilisation avec ledit dispositif, ledit ap- 
pareil comprenant un support pour ledit dispositif, un conduit d'entree d'echantillon pour essai adapte a I'entree 
de I'echantillon dudit dispositif et un dispositif pour mettre en mouvement rechantillon pour essai le long dudit 
passage pour debit. 

40 

8. Combinaison selon la revendication 7, dans laquelle ledit appareil comprend en outre un reservoir pour ledit echan- 
tillon pour essai. 

9. Combinaison selon la revendication 7, dans laquelle ledit appareil comprend en outre un conduit d'entree du fluide 
45 de transport adapte a ladite section d'entree dudit canal et un dispositif pour mettre en mouvement le fluide de 

transport le long dudit canal. 

10. Combinaison selon ia revendication 7. dans laquelle ledit appareil comprend en outre un reservoir pour ledit fluide 
de transport. 

50 

11. Systeme pour la determination d'un analyte dans un echantillon fluide, ledit systeme comprenant un dispositif 
— selon la revendication-1-et uf) dispositif-de detection d^analyte dans- lequeMedlt-dispositif-de-detection d'analyte — 

comprend : 

55 un substrat solide fabrique pour definir : 

un orifice d'entree d'echantillon en communication fluide avec la sortie de rechantillon du dispositif selon 
la revendication 1 ; et un systeme de debit comprenant : une region de detection d'analyte en communi- 
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cation fluide avec ledit orifice d'entree de I'echantillon, ladite region contenant un reactif qui interagit avec 
ledit analyte pour donner un produit detectable qui est d^tenminant dudit analyte et un detecteur pour 
d^tecter ledit produit. 

5 12. Syst^me selon la revendication 11. qui comprend en outre, dans ledit dispositif de detection d'analyte, un canal 
d'echantillon interconnectant ledit orifice d'entr6e et ladite region de detection d'analyte. au moins un de la dite 
region de detection de I'analyte et dudit canal d'echantillon ayant au moins une dimension de mesoechelle, ladite 
dimension de m6so6chelle 6tant une dimension transversale de largeurou de profondeur qui est entre 0,1 et 1000 
\im. 

10 

13. Systeme selon la revendication 12. dans lequel ledit reactif est une substance de liaison qui se lie sp^cifiquement 
audit anatyte. 



14. Systeme selon la revendication 13, dans lequel ledit analyte est un antigene et ladite substance de liaison est un 
15 anticorps. 



15. Systeme selon la revendication 13, dans lequel ledit analyte est un ligand et ladite substance de liaison est un 
r6cepteur. 

16. Systeme selon la revendication 13, dans lequel ledit analyte est une molecule d'acide nucleique de sequence 
predetermin6e et ladite substance de liaison est une molecule d'acide nucleique ayant une sequence complemen- 
taire ou homologue a la sequence dudit analyte. 



17. Systeme selon la revendication 11 comprenant en outre un dispositif pour effectuer Tanalyse de polynucleotide 
25 preselectionn^ derive de cellules, ladite analyse comprenant une reaction d'amplification de polynucleotide, ledit 

dispositif d*analyse de polynucleotide comprenant : 

un substrat solide fabrique pour definir : 

30 un orifice d'entree d'echantillon en communication fluide avec la sortie d'echantillon du dispositif selon la 

revendication 1 ; et un systeme de debit comprenant : 



une region d'amplification de polynucleotide en communication fluide avec ledit orifice d'entree 
d'echantillon, ladite region d'amplification de polynucleotide contenant des r^actifs pour amplifier un 
35 polynucleotide, et des moyens de lyse intermedlaires ^ ia section de decharge du canal pour debit 

dudit dispositif de preparation d'echantillon et ladite region d'amplification de polynucleotide pour lyser 
lesdites cellules, la section de decharge du canal dudit dispositif de preparation de I'echantillon etant 
en communication fluide avec Torifice d'entree de I'echantillon dudit dispositif d'analyse de polynu- 
cleotide. 

40 

18. Systeme selon la revendication 17, qui comprend en outre un canal pour debit d'echantillon dans ledit dispositif 
d'analyse de polynucleotide interconnectant {'orifice d'entree dudit dispositif et ladite region d'amplification de po- 
lynucelotide au moins une de ladite region d'amplification de polynucleotide et dudit canal d'echantillon connecte 
avec lui ayant au moins une dimension de mesoechelle, ladite dimension de mesoechelle etant une dimension 
f5 transversale de largeur ou profondeur qui est entre 0,1 et 1000 )xm. 



19. Combinaison du systeme selon la revendication 11 et d'un appareil pour Tutilisatlon avec ledit systeme, ledit ap- 
pareil comprenant un support pour ledit systeme, un conduit d'entree d'echantillon adapte a I'entree d'echantillon 
pour essai dudit dispositif de preparation d'echantillon et un dispositif pour mettre en mouvement I'echantillon pour 
50 essai le long du passage pour debit dudit dispositif de preparation d'echantillon. 

20. Combinaison selon-la revendicatiorv-tBr-dans laquelle-ledit-appaFeil-comprend-en-outre un-reservoir-pour-ledit- 

echantillon pour essai. 



55 21. Combinaison du systeme selon la revendication 17 et d'un appareil pour Tutilisation avec ledit systeme, ledit ap- 
pareil comprenant un support pour ledit systeme, un conduit d'entree d'echantillon pour essai adapte a I'entree 
d'echantillon dudit dispositif de preparation d'echantillon et un dispositif pour mettre en mouvement ledit echantillon 
pour essai le long du passage pour debit dudit dispositif de preparation d'echantillon, un conduit d'entree de fluide 
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de transport adapte a ladite section d'entree du canal dudit dispositif de preparation d'echantiilon et un dispositif 
pour mettre en mouvement ledit fluide de transport le long dudit canal. 

22. Combinaison selon la revendication 21, dans laquelle ledit appareil comprend en outre un reservoir pour ledit 
fluide de transport. 

23. Combinaison selon la revendication 21 , dans laquelle ledit appareil comprend en outre un detecteur pour detecter 
un param^tre dudit ^chantillon pour essai dans ledit dispositif de detection d'analyte ou dudit dispositif d*analyse 
du polynucleotide. 

24. Syst§me pour effectuer une analyse de polynucleotide pr6s6lectionn6 d6riv6 de cellules, ladite analyse compre- 
nant Tampiification du polynucleotide, ledit systeme comprenant un dispositif de preparation d'6chantillon selon la 
revendication 1 et un dispositif pour effectuer ramplification de polynucleotide qui comprend : 

un substrat solide fabrique pour definir : 

un orifice d'entree d'echantiilon en communication fluide avec la sortie d'echantiilon du dispositif selon la 
revendication 1 ; et un systeme de debit comprenant : 

une region d'amplification de polynucleotide en communication fluide avec ledit orifice d'entree, ladite 
region d'amplification de polynucleotide contenant des reactifs pour amplifier un polynucleotide, et 
un canal d'echantiilon interconnectant Corifice d'entree et la region d'amplification de polynucleotide, 
au moins un dudit canal d'echantiilon et de ladite region d'amplification du polynucleotide ayant au 
molns une dimension de mesoechelle, ladite dimension de mesoechelle etant une dimension trans- 
versate de largeur ou de profondeur qui est entre 0,1 et 1000 )im et des moyens de lyse dans ledit 
canal pour debit en amont de ladite region d'amplification de polynucleotide pour lyser lesdites cel- 
lules, la section de decharge du canal pour debit dudit dispositif de preparation d'echantiilon etant en 
communication fluide avec I'orifice d'entree d'echantiilon dudit dispositif d'amplification de polynucleo- 
tide. 
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Description 

Funding 

5 Work described herein was supported by the National Institutes of IHealth and Children's Hospital Medical Center. 
Backoround 

A variety of fetal cell types-platelets, trophoblasts. erythrocytes and leucocytes-cross tiie placenta and circulate 
10 transiently within maternal blood (Schroder, J., J. Med. Genet.. l£:230-242 (1975); Douglas G.W. et al.. Am. J. Qbstet. 
Gvnec.. ZS:960-973 (1959)). There have been numerous reports of efforts to separate fetal cells from maternal cells 
present in maternal blood, but none has been successful in isolating cells subsequently shown to contain fetal DNA. 
Distinguishing fetal cells from maternal cells has not been successful for several reasons, including the small number 
of fetal cells in a maternal blood sample and the fact that morphological differences are slight (e.g., trophoblasts are the 
IS only fetal cells which can be distinguished from maternal cells by morphology alone). 

Others report screening the peripheral blood of pregnant women for cells of fetal origin. Fetal identification relied 
on the presence of a single cytogenetic marker, the Y chromosome. Lynrphocytes with a putative "XY** karyotype were 
found in the maternal circulation as early as 14 weeks gestation (Walknowska, J., et al .. The t^ancet. 1119-1122 
(1979)). 

20 The availability of fk>w cytometry has led many to suggest that fetal cells couU be obtained through the use of a 
flow cytometer and that such cells could be exploited for prenatal genetic diagnosis. However, although cells sorted in 
this manner have been said to be of fetal origin, based on analysis of cell surface antigens, morphology, or cytogenetic 
criteria, there has not been oonfimnation that the cells contain fetal DNA. A method by which fetal DNA could be 
obtained from maternal blood during pregnancy would be valuable, particularly if it made it possible to can'y out prenatal 

25 diagnosis by a noninvasive technique. 

Di$plo$grg9fthe Invention 

The present invention is an in vitro method of separating or isolating fetal DNA present in the blood of a pregnant 

30 woman from maternal DNA. as well as an in vitro method of detecting the presence of and/or quantitating selected fetal 
DNA in fetal DNA. which is useful as a noninvasive prenatal diagnostic or analytical method. 

In the present method, fetal nucleated cells are isolated from a maternal blood sample by means of a detectable 
material which binds to the fetal nucleated cells but not to maternal cells and is then separated from the maternal sam- 
ple, resulting in separation of the fetal nucleated cells from the sample. The fetal nucleated cells can be any undifferen- 

35 tiated hematopoietic cell and, particularly, fetal nucleated erythrocytes. In one embodiment of the present method of 
isolation, at least one detectably labelled monoclonal antibody specific for an antigen present on fetal nucleated cells, 
but not for an antigen present on maternal cells, is combined with a maternal blood sanple and. once bound to fetal 
nucleated cells, is separated from the maternal sample. Alternatively, at least one detectably labelled monoclonal anti- 
body specif ic for an antigen present on maternal cells, but not for an antigen present on fetal nucleated cells is used. In 

40 a further embodiment, the two types of monoclonal antibodies are used. 

In the case in which the detectable label is a fluorescent molecule, separation is carried out by means of flow 
cytometry, in which f luorescently-labelled molecules are separated from unlabelled molecules. This results in separa- 
tion of fetal nucleated cells, such as fetal nucleated erythrocytes, from maternal cells and. thus, of fetal DNA from mater- 
nal DNA. That this separation has occurred can be verified using known techniques, such as microscopy or detection 

45 of fetal hemoglobin. 

In one embodiment of the method of the present invention by which the occurrence of a selected DNA sequence 
or sequences (gene(s) or gene portion(s)) in fetal DNA is determined (detected and/or quantitated), the isolated fetal 
nucleated cells, such as fetal nucleated erythrocytes, are treated to render DNA present in them available for amplifica- 
tion. Amplification of DNA from fetal nucleated cells (fetal DNA) is can^ied out using a known amplification technique, 

50 such as the polymerase chain reaction (PCR). Anplified fetal nucleated cell DNA is subsequently separated on the 
basis of size (e.g., by gel electrophoresis) and contacted with a selected labelled probe, such as labelled DNA comple- 
mentary to a selected DNA sequence (e.g., complementary to an abnormal gene or gene portion, or Y-specific DNA). 
Detection of the labelled probe after it has hybridized to fetal DNA resultsTn detection of the sequence of Interest in the 
fetal DNA. Quantitation of the hybridized labelled probe results in quantitation of the fetal DNA. 

55 In a second embodiment of the present method of determining the occun-ence of a selected DNA sequence (or 
sequences), cells isolated as described above are sorted onto a solid support, such as a slide, and saeened for chro- 
nfK)somal abnormalities using in situ hybridization. In this embodiment, a selected nucleic add probe, such as a labelled 
DNA probe for chromosomal DNA associated with a congenital abnormality, is combined with the fetat DNA. under con- 
ditions appropriate for hybridization of complementary sequences to occur. Detection and/or quantitation of the labelled 
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probe after hybridization results in detection and/or quantitation of the fetal DNA to which the probe has hybridized. 

The present method of detecting the occurrence of selected fetal DNA is useful for prenatal evaluation or diagnostic 
purposes, such as determination of the sex of the fetus, assessment of chromosomal abnormalities and determination 
of the presence of abnormal genes associated wrth human disease. 

5 A particular advantage of the method of the present invention by which fetal nucleated erythrocytes are isolated is 
that such cells can be reliably separated from cells of maternal origin. In addition, because such cells are nucleated 
and. thus, contain a full complement of fetal genes, the present method makes available complete fetal DNA. The 
present method of detecting and/or quantitating a selected fetal DNA sequence is particularly valuable not only 
because of the advantages associated with the present method of isolating fetal cells, but also because it is a noninva- 

10 sive technique wNch can be applied early in gestation. 

Brief Description of the Drawinos 

Figure 1 is a schematic representation of the method of the present invention by which fetal nucleated cells are iso- 
15 lated from maternal cells and DNA within the fetal cells is assessed for the occurrence of a particular fetal DNA 
sequence. 

Figure 2 is an autoradiograph of diluted male DNA amplified for 222 bp sequence. Lane 1 : reagent control; lane 2: 
<|>X174 molecular weight standard; lane 3: 100 ng; lane 4: 10 ng; lane 5: 1 ng; lane 6: 200 peg.; lane 7: 10 peg; lane 8: 
1 peg. 

20 Figure 3 is a composite autoradiograph of amplified patient DNA. Lane 1 : 1 0 ng normal male; lane 2: 1 0 ng normal 
female; lane 3: reagent control; lane 4: (|)X174; land 5: sorted cells from patient 1 (male fetus); lane 6: sorted cells from 
patient 2 (male fetus); lane 7: sorted cells from patient 3 (female fetus); lane 8: sorted cells from patient 6 (female fetus); 
lane 9: sorted cells from patient 7 (male fetus); lane 10: sorted cells from patient 8 (male fetus); lane 1 1 : sorted cells 
from patient 9 (female fetus); lane 12: cord blood from female infant whose cells were prenatally sorted in lane 8. 

25 Figure 4 is a diagram demonstrating the detection of Y chromosomal DNA sequences at various points of gestation 
in women bearing male pregnancies. 

Figure 5 is a series of histograms (A through F) obtained when FITC-anti transferrin receptor was used to deter- 
mine the presence of mononuclear cells in samples from non-pregnant females to which male cells have been added. 
Figure 6 is a composite autoradiograph of amplified male DNA detected in TfR*^ cells when 10^-10^ male cells are 

30 added to samples from non-pregnant females and in TfR' cells when 10^-10^ male cells are added to samples from 
non-pregnant females. 

Figure 7 is a series of histograms (A through H) obtained when anti HPCA-1 antibody was used to determine the 
presence of mononuclear cells in samples from non-pregnant females to which male cells have been added. 

Figure 8 is a photograph illustrating a fluorescent cell due to the positive results of in situ hybridization of the pDP97 
35 probe for the Y chromosome to a fetal nucleated red blood cell. 

Detailed Description of the Invention 

The present invention relates to an in vitro method of separating or isolating fetal nucleated cells present in the 
40 blood of a pregnant woman (a n^aternal blood sample) from the pregnant woman*s cells and of separating or isolating 
fetal DNA from maternal DNA. It further relates to an in vitro method of prenatal detection and/or quantitation of 
selected fetal DNA in fetal DNA isolated from tiie maternal blood sample. The method provides a noninvasive approach 
to detect and/or quantitate fetal DNA, such as that associated with a disease or a condition whose assessment during 
gestation is desired. It also provides a noninvasive means by which tiie sex of a fetus can be determined. 
45 The following is a description of the basis for tiie subject method; of the present method of isolating nucleated fetal 
cells present in tiie blood of a pregnant woman from maternal cells and, subsequentiy. separating fetal DNA from mater- 
nal DNA; and of tiie present metiiod of prenatal determination of flie occurrence (presence/absence or quantitation) of 
selected DNA in fetal cells. 

50 Nucleated ery tfirocvte as a potential source of fetal genes 

It has now been determined tiiat fetal nucleated cells, present in the blood of a pregnant woman are a source of 
fetal genes. That is, it has been shown that fetal nucleated eryttirocytes (also referred to as fetal NRBC) can be isolated 
or separated from maternal blood and that DNA present in the isolated fetal cells can be used to assess fetal charac- 
55 teristics (e.g., sex, presence or abs^ce of chromosomal abnormalities). 

Fetal nucleated erytiirocytes were selected for sorting based on tiie following rationale: 

1 . In any given fetomaternal hemorrhage, no matter how small, tiie ratio of fetal erytiirocytes to fetal lymphocytes 
should remain the same as in whole fetal blood; thus, there would be 1,000 times as many red celts as white cells 
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available for analysis. 

2. Normal pregnant females do not usually have circulating NRBC; therefore, an isolated NRBC would a priori have 
a greater chance of being fetal in origin. 

5 

3. The majority of pregnancies are blood group compatible, which means that the Iransfused" NRBC would prob- 
ably be tolerated by the mother and remain in her circulation. 

4. Because they are nucfeated, the NRBC contain a full complement of fetal genes. 

10 

Advances in molecula r bfoloqy applied to fetal cell sorting 

Recent advances in molecular biology have had an enormous impact on the feasibility of fetal cell identification. For 
example, fluorescent in situ hybridization can be used for this purpose. 

15 The development of the polymerase chain reaction (PGR) (Mullis, K., et al .. Gold Sprino Harb. Svmp. Quant. Biol.. 
51:263-272 (1986)), with its capacity for DNA analysis from a single cell (Li. H., sLal.. Nature. 355:414-417 (1988); 
Handyside, A.H., sLii-. Lancet 1:347-349 (1989)). has eliminated the technical problems associated with the small 
number of fetal cells in maternal blood. It makes DNA diagnosis from a single cell possible. 

As described below, fetal nucleated erythroblasts have been shown to be present in blood obtained from pregnant 

20 women, thus making maternal blood a useful/reliable potential source of fetal DNA; fetal nucleated cells have been dis- 
tinguished from maternal celts on the basis of surface antigenic characteristics, thus making it possible to separate the 
two cell types from one another; and fetal DNA present in the separated fetal nucleated cells has been analyzed and 
characterized. 

25 Detection of fetal oene seouences in maternal blood 

One of the first steps in developing the present method of isolating fetal nucleated cells from the maternal blood 
supply was identification of monoclonal antibodies that permit identification and separation of fetal cells from maternal 
cells present in blood obtained from a pregnant woman. This has been done, as described in detail in the Examples. 

30 As a result, it has been determined that monoclonal antibodies which recognize maternal leucocytes and monoclonal 
antibodies which recognize fetal cell surface antigens are useful in separating maternal and fetal cells. The following is 
a brief description of monoclonal antibodies which have been shown to be useful in separating fetal nucleated cells from 
maternal cells present in a maternal blood sanple. However, other monoclonal antibodies which distinguish between 
fetal and maternal cells on the basis of surface antigenic differences, can also be used in the present method. The 

35 present method requires the use of at least one type of antibody which is specific for (or recognizes) a surface antigen 
present on fetal nucleated cells, for a surface antigen present on maternal cells, but not specific for both. That is, the 
present method can be carried out using one or more antibody which distinguishes fetal nucleated cells from maternal 
cells. The present method can be carried out using whole blood or blood treated or processed to enrich for (incre^e 
the concentration oQ fetal nucleated cells. 

40 Described below is the selection and successful use of monoclonal antibodies which distinguish fetal nucleated 
erythrbcytes from maternal cells. It is to be understood, however, that in a similar manner, monoclonal antibodies which 
make it possible to select for another fetal nucleated cell type (or types) can be identified and used in the present 
method to separate fetal nucleated cells from maternal cells (and. thus, fetal DNA sources from maternal DNA). 
Initial efforts focused on the elimination of contaminating maternal leucocytes in the mononuclear cell layer and 

45 identification of monoclonal antibodies effective in carrying out this separation, which results in production of a maternal 
sample enriched in fetal nucleated cells. 

HLe-1 (Becton-Dickinson Monoclonal center, Mountain View, GA, catalog #7463) is a monoclonal antibody availa- 
ble as a direct fluorescein isothiocyanate (FITG) conjugate. It recognizes an antigen present on mature human leuco- 
cytes and on very immature erythrocyte precursors, but not on mature nucleated erythrocytes (Loken, M.E., et al .. 

50 Blood. 69:255-263 (1987)). Thus, maternal leucocytes are recognized and bound, but fetal nucleated erythrocytes are 
not, making separation of the two possible. As described in detail in Example 1 , this labelled antibody was used to elim- 
inate maternal leucocytes in the mononuclear cell layer. 

As is also described (Example 1). a combination of monoclonal antibodies has been used for the same purpose 
(i.e., elimination of maternal cells from the blood sanrple). As described, anti-monocyte antibody (M3) and anti-lym- 

55 phocytes antibody (L4) have been used to remove maternal cells from the mononuclear cell layer resulting from density 
gradient centrifugation. 

Monoclonal antibodies which recognize fetal nucleated cells but do not recognize maternal cells were also identi- 
fied. As described in detail in Example 1, a monoclonal antibody which recognizes the transferrin receptor was identi- 
fied. Erythroblasts have been shown to express the transferrin receptor (Loken. M.R., gUl., Blood. 23:255-263 (1987)) 
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antigen on their cell surfaces from the BFU-E stage until nuclear extrusion (Loken, M.R. et al .. Blood. 69:255-263 
(1 987)). The transferrin receptor is also present on activated lymphocytes (Trowbridge, I.S. and M.B. Omary, Proc. NaU. 
Acad. Sci. USA. 78:3039-3043 (1981)), certain tumor cells (Greaves, M. fiLa!-. Int. J. Immunopharmac. 2:283-300 
(1981)). and trophoblast cells (Galbraith, G.M.P. etal-. Blood. 55:240-242 (1980)). TTius, such an antibody is specific for 

5 or recognizes (binds to) fetal nucleated cells, but not maternal leucocytes. As described in Example 1. commercially 
available f luorescein-conjugated monoclonal antibodies against the transferrin receptor (TfR) were used to s^arate 
fetal nucleated erythrocytes from maternal cells. Although the antibody is not specific for fetal nucleated erythrocytes, 
it facilitated their enrichment in the flow-sorted samples. Other monocbnal antibodies which are able to distinguish 
between fetal nucleated cells and maternal cells present in a blood sample can also be used. Such antibodies include 

70 commercially available monoclonal antibodies and those which can be produced using known techniques. 

Separation of fetal nucleated cells from a maternal blood sample using antibodies described above can be candied 
out with samples of whole blood or a fraction of whole blood (i.e., one resulting from treatment or processing of whole 
blood to increase the proportion of fetal nucleated cells present, referred to as an enriched maternal sample. An 
enriched maternal sample Is produced, for example. In a two-step process. The maternal sample is subjected to initial 

15 separation on the basis of size, such as by Ficoll-Hypaque density gradient centrifugation. This results in production of 
a supernatant layer, which contains platelets: a mononucluear cell layer; and an agglutinated pellet which contains non- 
nucleated erythrocytes and granulocytes. The mononuclear layer is separated from the other layers, to produce a 
maternal sample which is enriched in fetal nucleated cells. 

The maternal sample, whether maternal whole blood or an enriched maternal sample, is subjected to separation. 

20 based on surface antigenic differences between fetal nucleated cells and maternal cells using antibodies described 
above. The maternal sample is contacted with at least one monoclonal antibody which is specific for either fetal nucle- 
ated cells or maternal cells, but not for botii and, thus, makes it possible to separate the two types of cells. The maternal 
sample can be combined with a set of two or more monoclonal antibodies, each of which is specific for erther fetal or 
maternal cells, but not for both. The combination of monoclonal antibodies can be designed to enhance separation of 

25 the two types of cells (e.g., tiie combination of anti-Tf R antibody and HLe-1 antibody described previously) beyond tiiat 
possible with a single monoclonal antibody Separation of the fetal cells is carried out using known techniques, such as 
flow cytometry, use of immunomagnetic beads and cell panning. In general, tiie monoclonal antibodies have a detect- 
able label (e.g., radioactive material, fluorophore). 

An embodiment of the method of the present invention by which fetal cells are isolated and fetal DNA is detected 

30 is represented schematically in Figure 1. A maternal blood sample (typically 20 ml.) is obtained, using known tech- 
niques. The sample is separated into component layers on the basis of size and tiie mononuclear cell layer, referred to 
as the maternal sample enriched in nucleated cells (or enriched maternal sample), is removed for further processing. 
The enriched maternal sample is contacted with at least one monoclonal antibody, as described above, and the result- 
ing fetal nucleated cell/antibody complexes are separated using known methods (e.g.. flow cytometry, immunomagnetic 

35 beads, cell panning). Fetal DNA is audely extracted from the resulting complexes (e.g., by heat), tiius rendering it avail- 
able for hybridization witii nucleic acid probes. Fetal DNA can be analyzed for a selected DNA sequence or DNA 
sequences, using known techniques. Prior to analysis, fetal DNA can be amplified, as needed, using known methods 
(e.g.. PGR). 

If amplification is to be carried out, the sorted samples are amplified for an appropriate number of cycles of dena- 

40 turation and annealing (e.g.. approximately 25-60). Control samples include a tube without added DNA to monitor for 
false positive amplification. With proper modification of PGR conditions, more than one separate fetal gene can be 
amplified simultaneously This technique, known as "multiplex" amplification, has been used with six sets of primers in 
the diagnosis of DMD (Ghamberlain, J.S., et al .. Prenat. Diaonosis. 9:349-355 (1989)). When amplification is can'led 
out. the resulting amplification product is a mixture which contains amplified fetal DNA of interest (i.e., tiie DNA whose 

45 occurrence is to be detected and/or quantitated) and other DNA sequences. The amplified fetal DNA of interest and 
other DNA sequences are separated, using known techniques. Subsequent analysis of amplified DNA can be carried 
out using known techniques, such as: digestion witii restriction endonuclease, ultraviolet light visualization of ethidium 
bromide stained agarose gels, DNA sequencing, or hybridizafion with allele specific oligonucleotide probes (Saiki, R.K.. 
et al . , Am. J. Hum. Genet.. 43 (Suppl) :A35 (1 988)). Such analysis will determine whether polymorphic differences exist 

50 between tiie amplified "maternal" and "fetar samples. In one embodiment, the amplification mixture is separated on tiie 
basis of size and tiie resulting size-separated fetal DNA is contacted witii an appropriate selected DNA probe or probes 
(DNA sufficientiy complementary to the fetal DNA of interest tiiat it hybridizes to the fetal DNA of interest under tiie con- 
ditions used). Generally, the DNA probes are labelled (e.g., witii a radioactive material, a fluorophore or ottier detecta- 
ble material). After the size-separated fetal DNA and tiie selected DNA probes have been maintained for sufficient time 

55 under appropriate conditions for hybridization of complementary DNA sequences to occur, resulting in production of 
fetal DNA/DNA probe complexes, detection of the complexes is carried out using known mettiods. For example, if tiie 
probe Is labelled, fetal DNA/labelled DNA probe complex is detected and/a quantitated (e.g.. by autoradiography, 
detection of tiie fluorescent label). The quantity of labelled complex (and. thus, of fetal DNA) can be determined by com- 
parison with a standard curve (i.e., a predetermined relationship between quantity of label detected and a given read- 
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ing). 

The present method has been used to identify Y-specific DNA in nucleated erythrocytes ot>tained from peripheral 
blood of pregnant women. This is desaibed in Example 3. Briefly, candidate fetal cells from blood sanples obtained 
from 19 pregnant women were isolated by flow sorting. The DNA in these celts was amplified for a 222 base pair (bp) 

5 sequence present on the short arm of the Y chromosome as proof that the cells were derived from the fetus. The ampli- 
fied DNA was compared with standardized DNA concentrations; 0. 1 to 1 ng fetal DNA was obtained in the 20 ml mater- 
nal samples. In 7/19 cases, a 222 bp band of amplified DNA was detected, consistent with the presence of male DNA 
in the isolated cells; €/7 of these were confirmed as male pregnancies by karyotyping amniocytes. In the case of the 
female fetus. DNA prepared from cord blood at delivery also showed the presence of the Y chromosomal sequence. In 

10 10/12 cases where the 222 bp band was absent, the fetuses were female. Thus, the Y chromosomal sequence was 
successfully detected in 75% of the male^bearing pregnancies, demonstrating for the first time that it is possible to iso- 
late fetal gene sequences from maternal blood. 

As described in Example 6, male (Y-specific) DNA has been detected in cells sorted from pregnant women at var- 
ious points in gestation. Briefly, the mononuclear cell layer was isolated from venous blood samples obtained from 

75 women between 1 1 and 16 weeks gestation. Separation was carried out using Rcoll/Hypaque density centrifugation. 
followed by incubation with monoclonal antibodes (Anti-Tf R, anti-Leu 4 and anti-Leu'^S) conjugated with a fluorescent 
nriarker or compound (fluorescein, phycoerythrin) and dual color analysis and flow sorting on a fluorescence-activated 
cell sorter. The cells that displayed green fluorescence, but not red fluorescence (If R positive. Leu 4 negative. Leu M3 
negative), were fetal nucleated cells and were separated from the remainder of the sample. These ceils were lysed, 

20 after which the DNA was amplified and probed for the presence of a 397 bp sequence of the Y chromosome. 

The results presented in Example 6 indicate the procedure allows the detection of the 397 bp sequence present in 
as little as 5 pg of male DNA. In addition, they suggest that there is a relationship between gestational age and detection 
of male DNA, as illustrated in Rgure 4. This data suggests there may be a biologic "window" for transfer of fetal nucle- 
ated erithrocytes into maternal circulation. 

25 The present method also has been used to distinguish female fetal DNA from maternal DNA. The two types of 
female DNA were distinguished using amplification of paternal polymorphism, as described in detail in Example 7. 
Briefly, venous blood samples were collected from women with uncomplicated pregnancies. Separation of fetal nucle- 
ated cells was conducted using Rcoll/Hypaque density centrifugation, followed by incubation with monoclonal antibod- 
ies (anti-Tf R, anti-Leu 4 and anti-Leu M3) conjugated with a fluorescent marker (fluorescein, phycoerythrin) and dual 

30 color analysis and flow sorting on a fluorescence-activated cell sorter. Fetal nucleated cells identified by displaying 
green fluorescence (TfR positive), but not red fluorescence (Leu-4. Leu-3 negative), were collected and lysed. The DNA 
from the cells was amplified and probed for paternal sequences of the highly polymorphic region of chromosome 17, 
which allows the distinction of female fetal DNA from maternal DNA. 

The results demonstrated that DNA sequences from the father can be identified in the autosomal chromosomes of 

35 the fetus. Consequently, the method of the present invention can be used to separate female fetal nucleated cells, as 
well as male fetal nucleated cells, from maternal blood. Thus, the method can be used for all DNA-based diagnostic pro- 
cedures cun^entty being used in other methods, such as amniocentisis. 

Further support for of the present method's capability to identify Y-specific DNA in nucleated erthyroctyes obtained 
from peripheral blood of pregnant women is given by reconstruction experiments. As described in Example 8, male cord 

40 blood was added to blood obtained from non-pregnent females to simulate the presence of fetal cells in maternal blood. 
Briefly venous blood samples were collected from healthy, non-pregnant women and the mononuclear cell layers iso- 
lated by Ficoll/Hypaque density centrifugation. Mononuclear cells from the umbilical cords of male infants (ranging from 
10^ to 10^ cells) were added to the mononuclear cell layers of the blood of non-pregnant women. The cord blood con- 
tains a large percentage of nucleated erythrocytes. The results obtained from these experiments were substantially 

45 similar to those obtained from pregnant women at various stages in gestation, /^lified sequences from the Y chro- 
mosome, consistent with the presence of male DNA, were detected when 10^ male cells were added to the female 
cells. 

The results of the work described above and in the Examples demonstrate that nucleated fetal cells have been iso- 
lated from maternal blood; genomic DNA has been extracted from the fetal cells and identified as being of fetal origin; 
50 fetal genes have been amplified using PCR; and selected DNA sequences have been identified in the fetal DNA. They 
demonstrate that for the first time, fetal DNA has been detected in cells isolated from maternal blood. 

Uses of the Present Method of Fetal Nucleated Cell Isolation and Fetal DNA Characterization 

55 Thus, it has been demonstrated that fetal DNA can be obtained from fetal nucleated cells pj;esent in a maternal 
blood sample. The method of detecting and/or quantitating fetal DNA which is represented in Figure 1 is useful as a tool 
for prenatal assessment (e.g., as a means for assessing chromosomal abnormalities, for determining whether DNA 
associated with a disease is present, or for detecting Y-specific DNA). It is particulariy useful because it is noninvasive 
and requires only a small sample of blood. 
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Fetal DNA sequences in fetal nucleated erythrocytes, isolated as described herein or by other means by which fetal 
nucleated cells can be separated from a maternal blood sample, can be analyzed or assessed for the occurrence of a 
DNA sequence or DNA sequences (gene(s] or gene portion(s)) which are of interest for diagnostic or other purposes. 
The DNA sequence(s) or gene(s)/gene portion(s) present in fetal cells are referred to herein as fetal DNA of interest. 

5 For example, the selected DNA whose presence or absence is to be determined and whose quantity can also be deter- 
mined is the gene for a disease, such as cystic fibrosis, where the causative gene or gene portion has been cloned and 
sequenced; alternatively, it is a probe for X- or Y- specific DNA. The same procedure can also be used, with appropriate 
modifications (e.g., an appropriate DNA probe, time, temperature), to detect other genes or gene portions. 

As used in a diagnostic context, such as to detect the gene known to cause cystic fibrosis, the present method is 

10 earned out as follows: Initially, a maternal blood sample (typically 20 ml.) is obtained and separated into component lay- 
ers based on relative weights (e.g., by Ficoll-Hypaque density gradient centrifugation) to remove non-nucleated eryth- 
rocytes and produce a mononuclear cell layer This results in production of a maternal blood sample enriched in fetal 
nucleated erythrocytes. The mononuclear cell layer is stained with at least one appropriate monoclonal antibody (e.g., 
one which is specific for the type of fetal nucleated cell to be separated from the sample). For example, a monoclonal 

75 antibody specific for fetal nucleated cells, such as anti-Tf R antibody, described above, can be used. In general, the mon- 
oclonal antibody used bears a detectable label. Alternatively, a combination of selected labelled monoclonal antibodies, 
such as monoclonal antibodies specific for fetal nucleated cells (e.g., anti-Tf R antibody) and monoclonal antibodies 
specific for maternal leucocytes (HLe-1 or L4 and M3). each labelled with a different fluorescent compound, can be 
used to remove essentially all maternal cells. Labelled cells are subsequentiy separated from one another using a 

20 known method, such as flow cytometry. Binding of tiie monoclonal antibodies to cells for which they are specific results 
in production of labelled monoclonal antibody-cell complexes. For example, in the case in which anti-Tf R antibodies and 
HLe-1 are used, fetal nucleated erytiirocytes are bound by anti-TfR antibody, to produce fetal nucleated eryttiro- 
cytes/anti-Tf R antibody complexes, and maternal leucocytes are bound by HLe-1 antibodies, to produce maternal leu- 
cocyte/HLe-1 antibody complexes. The fetal nucleated erytiirocyte/anti-TfR antibody complexes are separated from 

25 maternal cell/HLe-1 antibody complexes, using, for example, flow cytometry. The fetal cells are lysed, to produce 
crudely extracted fetal DNA which is subsequentiy amplified, using, for example, PGR. This results in production of 
amplified fetal DNA, which is subsequently separated on the basis of size. Size-separated fetal DNA is contacted witii 
labelled DNA probes (i.e., in prenatal detection of cystic fibrosis, a labelled DNA probe complementary to tiie gene 
associated with cystic fibrosis). If the fetal DNA contains DNA of interest (in tiiis case, tiie gene ^sodated with cystic 

30 fibrosis), fetal DNA of interest/labelled probe complexes are formed. 

Fetal DNA of interest/labelled probe conplexes are subsequently detected, using a known technique, such as auto- 
radiography. Simple presence or absence of labelled fetal DNA of interest can be determined or the quantity of fetal 
DNA of interest present can be determined. In either case, the result is assessment of fetal DNA obtained from a mater- 
nal blood sample for selected DNA. 

35 The occurrence of fetal DNA associated witii diseases or conditions other than cystic fibrosis can also be detected 
and/or quantitated by the present metiiod. In each case, an appropriate probe is used to detect the sequence of inter- 
est. For example, sequences from probes St14 (Oberle, I., etal .. New Enal. J. Med.. 312:682-686 (1985)). 49a (Guerin, 
P.. etal., Nucleic Acids Res.. 16:7759 (1988)), KM-19 (Gasparini, R, etal-, Prenat. Diagnosis. 9:349-355 (1989)). or tiie 
deletion-prone exons for the Duchenne muscular dystrophy (DMD) gene (Chamberlain, J.S., etal .. Nucleic Acids Res.. 

40 l£:l 1 1 4M 1 1 56 (1 988)) are used as probes. Sti 4 is a highly polymorphic sequence isolated from tiie long arm of the 
X chromosome that has potential usefulness in distinguishing female DNA from maternal DNA. It maps near the gene 
for Factor V1II:C and. thus, may also be utilized for prenatal diagnosis of Hemophilia A. Primers corresponding to 
sequences flanking the six most commonly deleted exons in the DMD gene, which have been successfully used to 
diagnose DMD by PGR. can also be used (Chamberlain, J.S., et al .. Nucleic Acids Res.. 16:11141-11156 (1988)). 

45 Other conditions which can be diagnosed by the present method include p-tiialassemia (Cai, S-R, etal .. Blood. 75:372- 
374 (1989): Cai, S-R. fiUl-, Am. J. Hum. Genet.. 45:1 12-1 14 (1989); Saiki, R.K., gLal-. New End. J. Med.. 313:537-541 
(1988)), sicWe cell anemia (Saiki, R.K., fiUl- New Engl. J. Med.. 212:537-541 (1988)), phenylketonuria (DiLella, A.G.. 
etal .. Lancet. 1:497-499 (1988)) and Gaucher disease (TTieophilus. B., etal .. Am. J. Hum. Genet.. 45:212-215 (1989)). 
An apprcpriate probe (or probes) is available for use in the present method for assessing each condition. 

so It is also possible to separate fetal cells from maternal cells by means other than flow cytometry, as mentioned pre- 
viously, and to analyze fetal nucleated eryttirocyte DNA obtained in this way. Such separation procedures may be used 
in conjunction with or independent of flow cytometry. This is advantageous because lack of access to a flow cytometer, 
as well as expense, could limit potential applications of this technique. Thus, otiier methods of fetal cell separation can 
be used. The separation mettiod used can result in elimination of unwanted cells ("negative selection") or isolation of 

55 rare but desirable cells ("positive selection"). 

For example, separation by immunomagnetic beads or by cell panning can be used. In tiiis embodiment, ttie mono- 
nuclear cell layer is isolated, as described previously. This layer is tiien mixed witii antibody-coated polymer particles 
containing magnetic cores (e.g., "Dynabeads"). These immunomagnetic beads are available coated with a variety of 
antibodies. For example, immunomagnetic beads coated witii antibody to leucocyte antigens and antibody to mouse 
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immunoglobulins, which can be subsequently conjugated to mouse monoclonal antibody against the human transferrin 
receptor, can be used. After mixing, the resetted ceils are isolated with a magnetic particle concentrator. In one embod- 
iment, two sets of antibody-coated immunomagnetic beads are used in succession. Rrst. the maternal leucocytes are 
depleted and then the remaining If R positive cells are collected. Subsequent steps in the method (amplification, sepa- 

5 ration, contact with an appropriate DNA probe or probe set) are as desaibed for cells separated by flow cytometry. 

Mueller et al. (Lancet. 336 : 197-200 (1990)) have described a method of isolating placenta-derived trophoblast 
cells in the blood of pregnant women using magnetic beads. This method included mixing 1 ml of monoclonal antibody 
hybridoma culture supernatant with 2x10^ magnetic beads precoated with sheep antibody to mouse IgG (Fc fragment) 
(Dynabeads M-450, Dynal AS, Oslo, Nonvay) and incubated overnight at room temperature. The coated beads were 

10 stored at 4''C and washed three times in ice-cold RPM1 1640 medium containing lithium heparin (10 lU/ml). The blood 

. from the pregnant women was collected into tubes containing 10 lU of lithium per ml of whole blood, diluted lilOwith 
RPMI containing lithium, and incubated with the antibody coated beads at 4''C overnight. The desired cells were bound 
to the antibody on the bead; the beads collected by means of a cobalt-sannarium magnet. Although in this case the anti- 
body was directed against trophoblast antigens, a similar technique can be utilized with, for example, antibody to cell 

75 surface antigens present on fetal nucleated erythrocytes and not present on maternal cells. An advantage to this par- 
ticular technique is that an initial step which results in mononuclear cell isolation is not added. Additionally, the magnetic 
beads can be used for both positive (fetal cells) and negative (maternal cells) selection. 

An alternative method of isolation can be a modification of the method described by R.J. Berenson et al. (J. of 
Immunol. Methods. 91: 1 1-19 (1986)) in which the high affinity between the protein avidin and the vitamin biotin was 

20 exploited to aeate an indirect immunoadsorptive procedure. In this technique, avidin was linked to cyanogen bromide 
activated sepharose 6MB beads and washed in an alternating fashion with coupling buffer (0.1 M NaHCOs in 0.5 M 
NaCl at pH 8.3) and washing buffer (0.1 M sodium acetate in 0.5 M NaCl at pH 4.5) and stored at 4''C. The blood cells 
were incubated with 1) murine monoclonal antibody, and 2) biotinytated goat anti-mouse immunoglobulin. A 3 ml col- 
umn of gel was packed in a Pharmacia K 19/15 column. The treated cells were passed through the column in phos- 

25 phate buffered saline containing 2% bovine serum albumin. Adherent cells were dislodged by mechanical agitation. 
This technique can be applied to fetal cell separation if the antibodies used recognize fetal cell surface antigens or 
maternal cell surface antigens, but not both. Variations in methods for conjugating antibodies to beads exist; examples 
include those described by Thomas and co-workers (Thomas, T.E., etal. (J. of Immuno. Methods. 120 : 221 -1 31 (1989)) 
and by deKretser and co-workers (deKretser. TA., et al. fTissue Antigens. 16: 317-325 (1980)). The use of an anfibody- 

30 bound column does not require the preliminary isolation of the mononuclear cell fraction from whole blood. 

Once the fetal cells are isolated from maternal blood, they may be cultured to increase the numbers of cells avail- 
able for diagnosis, if desired. E. Fibach etal. (Blood. 73: 100-103 (1989)) have described a method that supports the 
growth of human hematopoietic progenitor cells. This step-wise method involves 1 ) initial culture in the presence of con- 
ditioned medium from human bladder carcinoma cells, 2) removal of leucocytes by harvest of non-adherent cells and 

35 lysis with monoclonal antibodies, and 3) reculture of cells in medium supplemented by recombinant erythropoietin. 

Other methods of separating fetal nucleated cells from maternal cells can also be used, provided that they make it 
possible to differentiate between fetal cells and maternal cells, and to isolate one from the other. 

A kit for use in canying out the present method of isolating and detecting fetal DNA of interest, such as a chromo- 
somal abnormality associated with a disease or other condition, in a maternal blood sanrple can be produced. It 

40 includes, for exanrple, a container for holding the reagents needed; the reagents and. optionally, a solid support for use 
in separating fetal nucleated cell/specific antibody complexes from other sample components or for removing maternal 
cells conplexed with specific antibody. For example, reagents in a kit to be used in detecting fetal DNA of interest after 
amplification of fetal DNA by PGR can include: 1) at least one antibody specific for a surface antigen characteristic of 
fetal nucleated cells but not specific for a surface antigen characteristic of maternal leucocytes; selected DNA primers 

45 for use in amplifying fetal DNA by PGR; and at least one DNA probe complementary to the fetal DNA to be detected 
(fetal DNA of interest). The kit, as indteated, can also include a solid support to be used in separating complexes formed 
from other samples components. Such solid support can be. for example, a glass slide, nitrocellulose fitter, or immu- 
nomagnetic beads and can have affixed thereto an antibody selective for the antibody present in the fetal nucleated 
cell/specific antibody complexes. 

so The present invention will now be illustrated by the following exanrples, which are not intended to be limiting in any 
way. 

EXAMPLE 1 Antibody selection for isolation and sorting of fetal nucleated erythrocvtes (NRBGs) 

55 Removal of maternal leucocytes from maternal blood usino human leucocyte antigen (HLe-l) 

The technique of fetal NRBG isolation began with an initial Rcoil-Hypaque density gradient centrifugation to 
remove the tremendously high number of non-nucleated erythrocytes in maternal blood. Peripheral blood was centri- 
fuged and separated into a supernatant layer containing platelets, a mononuclear cell layer, and an agglutinated pellet 
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consisting of non-nucleated erythrocytes and granulocytes. The mononuclear cell layer consisted of lymphocytes, 
monocytes, possible trophoblasts, and, due to their increased size and density. NRBCs and some reticulocytes. While 
the Rcoll-Hypaque centrifugation represented an initial enrichment in the proportion of fetal NRBCs present in the 
maternal sample, flow cytometry and cell sorting was used to improve the purity of the isolated cell population. 

5 The mononuclear celt layer from peripheral blood samples in 63 pregnant women, 15 nonpregnant adults, and 39 
umbilical cords, was stained with FITC-HLe-1 for flow cytometric analysis. Umbilical cord samples were used as a sub- 
stitute for whole fetal blood. Representative histograms displaying fluorescence versus low-angle light scatter (an 
approximation of cell size) for each of the three groups were generated. Histogram peaks were identified that con-e- 
sponded to leucocytes, erythrocytes and platelets. In 9 pregnant women, 7 nonpregnant adults and 12 umbilical cord 

10 samples, fluorescent (HLe-1 positive) and non-fluorescent (HLe-1 negative) cell populations were sorted for detailed 
microscopy after Wright-Giemsa staining. While the HLe-1 positive populations were always composed of leucocytes 
independent of the sarrple source, the HLe-1 negative populations differed. 

In cord blood, the HLe-1 negative cells were non-nucleated and nucleated erythrocytes with occasional platelets. 
In the pregnant women, there were platelets, non-nucleated erythrocytes, and a very rare NRBC. In nonisregnant 

75 adults, only platelets and debris were seen. Thus, cord blood, with its high percentage of NRBCs, was used as a refer- 
ence to establish cell sorting parameters. Microscopy confirmed the specificity of the antibody-antigen binding and that 
the sorted HLe-1 negative cells were relatively free from leucocyte contamination. These sorting parameters were uti- 
lized to isolate potential fetal NRBC on 40 pregnancies. 

20 Enrichment of fetal NRBC in maternal blood using transfemn receptor antigen (Tf R) 

The transferrin receptor (Newman, R., eLa!.. Trends Biochem. Sci. 1:397-399 (1982)) is a surface glycoprotein 
important in cellular iron transport. The TfR is present on activated lymphocytes (Trowbridge, I.S., et al .. Proc. Natl. 
Acad. Sci. USA. 78:3039-3043 (1981)), certain tumor cells (Greaves, M., etal .. Int. J. Immunopharmac. 3:283-300 

25 (1981)), and trophoblast cells (Galbraith. G.M.R. eLl!-. Blood. 55:240-242 (1980)). Erythroblasts express the TfR on 
their cell surfaces from the BFU-E stage until nuclear extrusion (Loken, M.R.. etal .. Blood. 69:255-263 (1987)). Thus, 
. TfR is an excellent "candidate antigen" for enrichment of fetal NRBCs found in maternal blood. Monoclonal antibody 
against TfR is available as both a fluorescein conjugate (Becton-Dickinson catalog #7513) and a phycoerythrin (PR) 
conjugate (gift of Dr. Michael Loken, Becton-Dickinson). The mononuclear cell layer was isolated from peripheral Wood 

30 samples in 6 pregnant women, 4 non-pregnant adults, and 3 newborn umbilical cords for TfR analysis and microscopy. 
Representative histograms of fluorescence versus light scatter from these three groups were generated. 

Whereas umbilical cord samples had a large population of fluorescent (TfR positive cells) that were heterogenous 
in size, non-pregnant adults and pregnant adults had smaller percentages of fluorescent cells that clustered in discrete 
groups. In addition, there were slight differences in the percentages of TfR positive cells in the pregnant (mean = 0.83) 

35 versus non-pregnant (mean = 0.32) samples studies. 

Microscope studies of the TfR positive cells were performed using Wright-Giemsa stain for morphology and Klei- 
hauer-Betke technique for the detection of fetal hemoglobin (Kleihauer, E., et al .. Kiln Wochenschr. 35:637-638 
(1957)). In the umbilical cord samples, large numbers of nucleated and non-nucleated erythrocytes containing fetal 
hemoglobin and occasional leucocytes were identified visually. In the pregnant women, the predominant cell types were 

40 nucleated and non-nucleated erythrocytes containing fetal hemoglobin, although leucocytes were infrequently 
observed. In contrast, the samples from the non-pregnant controls consisted almost exclusively of lymphocytes and 
monocytes. Because trophoblast cells express TfR, it was postulated that they might be present in the sorted population 
from the pregnant women; none was detected. 

45 Dual antibody analysis 

Because both antibodies enriched the proportion of NRBCs present, but did not completely exclude other cell types 
in the sorted samples, combinations of antibodies were used to isolate pure populations of fetal NRBCs. Preliminary 
dual antibody studies were performed using PE-conjugated TfR and FITC-conjugated HLe-1. NRBCs are TfR positive 
50 and HLe-1 negative, whereas maternal leucocytes are HLe-1 positive. These experiments worked well and resulted in 
separation of maternal leucocytes. 

Thus, the work described above defined flow cytometric parameters for enrichment and sorting of NRBCs in 
peripheral blood from pregnant women. In addition, microscopic studies revealed that morphologic differences occur in 
mononuclear cell populations derived from venous blood samples in pregnant versus non-pregnant adults. 

55 

EXAMPLE 2 DNA hybridization studies in HLe-1 negative cells sorted from maternal blood 

To confirm fetal origin of the cells sorted as described in Example 1 , Y chromosomal probes were used because it 
is the Y chromosome that is unquestionably fetal in origin. The assessments were designed to study whether the pres- 



9 



EP0 791 659 A2 



ence of Y chromosomal DNA in maternal blood as detected on autoradiographs performed antenatally correlated with 
the subsequent birth of a male infant. 

DNAisQiat'Pn 

5 

HLe-1 negative cells from cord blood and pregnant women were sorted into test tubes. Conventional methods of 
DNA isolation as well as modification of cruder methods (Lau, Y-R, et al . Lancet. 1:14-16 (1984); McCabe, E.R.B., et 
al., Hum Genet.. 75:213-216 (1987)) were attempted without success in delecting Y chromosome derived bands on 
Southern Blots. All were limited by the small numbers of cells present 

10 

-EXAMPLE 3 Direct hybriijization tQ cell? (JepQ§it9(J on fitters 

In order to circumvent technical problems associated with DNA isolation, a method of direct DNA hybridization to 
cells flow sorted onto nitrocellulose filters was developed (Bianchi, D.W., sisL-, cytometry. a:ig7-202 (1987)). In control 
75 experiments, the sex of a newborn was determined from as few as 50 sorted coid blood leucocytes or 5,000 HLe-1 neg- 
ative cells (a mixture of nucleated and non-nucleated cells). 

The methodology was then applied to detection of Y chromosomal sequences In HLe-1 negative cells sorted from 
peripheral blood samples in 40 women between Q^A and 38 weeks gestation. Results were the following: 

20 
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It was concluded that hybridization with this probe was not predictive of male pregnancy. The possibility exists that there 
was fetal DNA present on the filters where DNA hybridization occurred, but that this DNA t>ound to the Y probe nonspe- 
30 cifically. Thus, the filters interpreted as "positive" for male DNA might actually have been "positive" for fetomaternal 
hemon-hage. 

EXAMPLE 4 Use of the polymerase chain reaction (PGR) to amplify oene seque nces in sorted fetal cells 

35 PGR, which has a capacity for making 10^ Gopies of rare target gene sequences, was used to amplify gene 
sequences in sorted fetal cells. Optimum conditions for PGR. given the minute amounts of DNA expected after a fetal 
cell sort (approximately 1 pg to 100 ng), were determined. Experimental conditions were modified as new information 
became available. For example, Taq polymerase was used instead of Klenow fragment of E CoN DNA polymerase 
(Kbgan, S.G. et al.. New England J. Med. 317 :990 (1987)) because of its increased specificity in DNA replication. 

40 Initially, studies were performed on repeated sequences from the long arm of the Y chromosome, probe Y431 -Hinfa 
(given by Dr. Kirby Smith, Johns Hopkins University. Baltimore. MD) and the short arm of the Y chromosome, probe 
Y411 (Given by Dr. Ulrich Muller, Ghildren's Hospital, Boston, MA). Repeated sequences were selected because they 
wouki create a stronger amplification signal from a rare male fetal cell. Y411 is identical to Y156 (Muller, U., et 
al.. Nucleic Acids Res.. 14:1325-1329 (1986)). is repeated 10-60 fold, and is absolutely Y specific on Southern blots. 

45 Sequence Y431 has autosomal homology in females that limited its usefulness in sex determination. 

PGR standardization 

To define the minimum amount of DNA detectable in maternal blood, a series of standardization experiments were 
50 done. DNA from male and female individuals was prepared in tenfoki dilutions (1 pg to 1 meg) and amplified using the 
standard reagents in the GeneAmp kit (Perkin-Elmer Getus cat #N801-0055) on a Perkin-Elmer DNA Thermal Gycler. 
Primers 41 1-01 and 41 1-03 were designed to anplify a 222 base pair (bp) sequence within probe Y41 1. The number 
of amplification cycles varied between 18 and 30. Amplified DNA samples were electrophoresed on agarose gels, 
transferred to nylon filters, and hybridized to ^P-labeled Y411 probe. While it appeared possible to detect Y specific 
55 bands on autoradiographs in lanes containing as little as 10 pg of male DNA, results were often muddled by the pres- 
ence of amplified DNA in female lanes or control lanes containing no added DNA. The phenomenon of "false positive 
amplification" has now received universal recognition (Lo. Y-M.D., et al .. Lancet. 2:697 (1988); KwoK S., etal .. Nature. 
323:237-238(1989)). 
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Elimination of "false positive" amplification 

Due to the limited amount of starting material in a fetal cell sort, every effort was made to eliminate background 
amplification in order to determine which fetuses truly possess Y chromosomal DNA. Thus, measures were taken to 
prevent aerosol contamination of male DNA. Ail PCRs were performed under sterile conditions, wearing gloves, and 
using positive displacement pipettes. Ail reagents were prepared in a sterile manner and incubated overnight prior to 
PGR with a restriction endonuclease having a digestion site within the target sequence. These precautions resulted in 
a significant decrease and virtual absence of false positive amplification, as monitored by running control reactions with 
all reagents but no DNA. 

Successful is olation and amplification of fetal aene sequences from NRBCs in maternal blood 

After eliminating sources of DNA contamination and determining that as little as 10 pg of male DNA (1 cell = 7 pg 
of DNA) could be detected after PGR amplification, candidate fetal cells from the peripheral blood of 1 9 women at 1 2^^ 
to 17 weeks gestation were sorted. Monoclonal antibody against TfR was used to identify the presumed NRBG. The 
DNA in the sorted cells was amplified for the 222 bp sequence in probe Y41 1 as proof that the cells were derived from 
the fetus in male pregnancies. In 7/19 cases the 222 bp band of amplified DNA was detected on autoradiographs, con- 
sistent with the presence of male DNA in the isolated cells; 6/7 of these were confirmed as male pregnancies by kary- 
otyping amniocytes. In the case of one female fetus, repeat studies at 32 weeks gestation and cord blood at delivery 
also showed the presence of the Y chromosomal sequence. This result might be explained by a low level of sex chro- 
mosome mosaicism, XX/XY chimerism (Farber. G.M.. eta!., Hum. Genet. ^:197-198 (1989)), or the presence of the 
Y41 1 sequence in single copy on the X chromosome or autosomes. In 10/12 cases where the 222 bp was absent, the 
fetuses were female. Therefore, detection of the Y chromosomal sequence was successful in 6/B or 75% of the male- 
bearing pregnancies. In the two pregnancies where male DNA was not detected, there may have been fetomaternal 
blood group incompatibility Alternatively, there may not have been fetomaternal hemorrhage or the number of NRBGs 
present may have been below the limit of sensitivity lor detection of DNA. The conditions used made it possible to detect 
a minimum of 100 pg of fetal DNA, or the equivalent of 15 fetal cells. The limit of sensitivity can be improved by extend-, 
ing the number of cycles used in PGR. This work demonstrated that for the first time, fetal DNA was detected in cells 
isolated from maternal blood. 

To further decrease false positive amplification and permit detection of fetal DNA at the single cell level on agarose 
gels. PGR is being canied out using primers derived from a single copy of sequence specific for the long arm of the Y 
chromosome. pY49a (Guerin, P., et aL . Nucleic Acids Res.. 16:7759 (1988)). In preliminary experiments using 60 cycles 
of PGR. Y chromosomal DNA is visible on ethidiumbromide stained agarose gels. This extraordinary degree of sensi- 
tivity will now be applied to DNA from sorted fetal cells. 

EXAMPLE 5 Determination of the Volume. Morpholooy and Universality of Fetomaternal Hemorrhaoe 

It is also possible, because of the availability of the present method of isolating fetal nucleated cells from blood 
obtained from a pregnant woman, to determine whether fetal cells can be found in the maternal blood in all pregnan- 
cies. A data base can be created that can provide information on the number and type of fetal cells circulating in mater- 
nal blood as pregnancy progresses. Based on previous work, it is anticipated that there will be a normal range of values 
that is dependent on gestational age; deviation from these values will be studied as a potential indication of a pregnancy 
at risk. Specifically, large amounts of fetal blood in the maternal circulation may be conelated with placental abnormal- 
ities, threatened miscarriage and intrauterine growth retardation. 

Maternal venous blood samples are collected from pregnant women, generally prior to any invasive procedures. In 
general, a single 20 ml. venous blood sample will be obtained. In a subgroup of patients, permission will be sought to 
draw blood samples every 4 weeks to follow changes in numbers of fetal cells present. Blood is collected in EDTA, 
diluted 1:1 with Hanks Balanced Salt Solution (HBSS), layered over a Rcdl-Hypaque column (Pharmacia) and spun at 
1400 rpm for 40 minutes at room temperature. The mononuclear cell layer will be Isolated, washed twice with HBSS, 
and stained with fluorescent monoclonal antibodies. For example, this can be a combination of fluorescein isothiocy< 
anate-conjugated antitransferrin receptor (TfR) and phycoerythrin-conjugated anti-monocyte antibodies (M3, Becton- 
DicWnson catalog #7497) and anB-lynrphocyte antibodies (L4, Becton-DicWnson catalog #7347). The staining occurs 
on ice. in phosphate buffered saline (PBS) containing 2% fetal calf serum and 0. 1 % sodium azide. The cells are washed 
in PBS prior to flow cytometry Analysis and sorting are performed on a Becton-Dickinson FAGS-IV interfaced with a 
Consort 40 program. Data will be acquired on the relative size and fluorescence (in two colors) of the analyzed cells. 
Gells that are fluorescent in the green wavelength (TfR positive) and not fluorescent in the red wavelength (L4 and M3 
negative) will contain the presumed fetal NRBCs. The percentage of these cells in the mononuclear celt layer arere- 
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corded and analyzed as a function of gestational age. These cells are sorted for microscopy and PGR amplification. In 
addition, cells that are not fluorescent in the green wavelength (If R negative) but are fluorescent in the red wavelength 
(L4 and/or M3 positive) are sorted as a presumed maternal leucocyte population and source of maternal ONA polymor- 
phisms. 

5 An additional benefit of studying nucleated fetal cells in maternal blood is that the amount of fetal DNA present can 
be extrapolated to determine the extent of fetomaternal hemon-hage in normal and unusual pregnancies. In the preg- 
nancies studied, an average amount of 1 ng of fetal DNA (con^esponding to 1 50 NBCRs) was present. Using published 
values of the number of NRBCs per liter of fetal blood at 16 weeks (3.6 x 10^ (Millar, D.S., et al .. Prenat Diagnosis. 
5:367-373 (1985); (Forestier, R, etal., Pediatr. Res. . 20:342-346 (1986)) and doing simple algebra, these results were 

10 calculated to be consistent with 2-20 \l\ hemorrhage of fetal blood into maternal circulation. This is a trivial amount when 
compared with the fetoplacental blood volume at 16 weeks, about 20 ml. It is Important to validate and extend these 
results to generate normative data regarding fetomaternal transfusion in early pregnancies. It will be equally important 
to correlate deviations from the expected results with pregnancy complications. 

IS Example 6 Detection of Male DNA in Cells Sorted from Pregnant Women at Different Points in Gestation 

Venous blood samples (20 ml) were collected in EDTA from healthy women with uncomplicated pregnancies, prior 
to invasive diagnostic procedures, at different points in gestation. The mononuclear cell layer was isolated by 
Ficoll/Hypaque density centrifugatlon and incubated with the monoclonal antibodies fluorescein (FITC)-conjugated 
20 anti-TfR, phycoerythrin (PE)-conjugated anti-Leu 4 and PE-conjugated anti-Leu M3 (Becton-Dickinson). Dual color 
analysis and flow sorting were performed on a fluorescence-activated cell sorter. 

Cells that display green fluorescence but not red fluorescence (Tf R positive. Leu 4 negative. Leu M3 negative) were 
collected into sterile micro test tubes and frozen at -20''C. Prior to polymerase chain reaction amplification, the cells 
were lysed by boiling. The polymerase chain reaction (PCR) was performed under standard conditions using standard 
25 reagents as desaibed in Example 4. The primers used to amplify material from the Y chromosome define a 397 base 
pair (bp) sequence. After PCR, the patient samples were analyzed with conventional Southern blots using ^^P labelled 
probe. Ethidium bromide stained agarose gels and autoradiographs were examined for the presence of the 397 bp 
band, which is considered significant only if reagent controls do not reveal false positive amplification. 

Under the reaction conditions described above, it was possible to detect the 397 bp male specific band if 5 pg of 
30 male DNA was present This is approximately the amount of DNA present in one cell. When excess female DNA (500 
ng) was added to the reaction mixture, the male specific band was consistently detectable at 100 pg. 

Figure 4 represents a summation of samples obtained from twelve women bearing male fetuses. These samples 
were taken at different times in pregnancy, and one woman was sampled twice. The data indicates that there is a rela- 
tionship between gestational age and the detection of male DNA. This implies a potential biologic 'Vvindow" for the 
35 transfer of fetal nucleated erythrocytes into the maternal circulation. 

Example 7 Detection of Female Fetal DNA bv Amplification of Paternal Polymorphisms 

Venous blood samples (20 ml) were collected in EDTA from healthy women witii uncomplicated pregnancies. The 

40 mononuclear cell layer was isolated by Ficoll/Hypaque density oentrifugation and incubated with the monoclonal anti- 
bodies fluorescein (FITC)-conjugated anti-TfR, phycoerytiirin (PE)-conjugated anti-Leu 4 and PE-conjugated anti-Leu 
M3 (Becton-Dickinson). Dual color analysis and flow sorting were performed on a fluorescence-activated cell sorter. 

Cells that display green fluorescence but not red fluorescence (Tf R positive, Leu 4 negative, Leu M3 negative) were 
collected into sterile micro test tubes and frozen at -20''C. Additionally, cells tiiat displayed red fluorescence but not 

46 green fluorescence (TfR negative, Leu 4 positive, Leu M3 positive) were collected in an identical manner. Prior to 
polymerase chain reaction (PCR) amplification, the cells were lysed by boiling. PCR was performed using buffers con- 
taining 1 mM MgCl2. The primers used in PCR amplify a highly polymorphic region of chromosome 17. Amplified DNA 
sequences correspond to blocks of genes transmitted directly from parent to child. As a result of the high degree of indi- 
vidual variation in these sequences, it is uncommon for two parents to manifest identical DNA patterns. Thus, it is pos- 

50 sible to demonstrate inheritance of tiie paternal sequences in the sorted fetal cells. Since tiiese sequences are from 
chromosome 17, they are independent of fetal sex, and may be used to distinguish female fetal DNA from maternal 
DNA. Amplified DNA was separated by electrophoresis through ethidium bromide stained agarose gels. The DNA was 
transferred to nylon filters and probed using ^^P labeled sequence. The maternal DNA, paternal DNA, Tf R"" cells, and 
TfR" cells were tiien conrpared. 

55 In 5 of 10 pregnant women, it was possible to show the presence of paternal sequences in the sorted candidate 
fetal cell population. In the ottier 5 women, no differences were seen between the maternal DNA and the DNA obtained 
from the candidate fetal cells. 
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Example 8 Reconstruction Experiments Using- Non-Preonant Female Blood and Adde d Male Cord Blood to Simulate 
the Presence of Fetal Cells in Maternal Blood 

Venous blood samples (20 ml) were collected in EDTA from healthy non-pregnant women. Umbilical cord blood 
5 samples (10 ml) were collected in EDTA from normal newborns. The mononuclear cell layer was isolated by 
Ficoll/Hypaque density centrifugation. Cell counts were performed with a hemocytometer. Separate allquots of cells 
were made containing: 1) female cells alone; 2) female cells plus 10^ added male cord blood ceils; 3) female cells plus 
10^ added male cord blood cells; 4) female cells plus 10"^ added male cord blood cells; 5) female cells plus 10^ added 
male cord blood cells; 6) female cells plus 10^ added male cord blood cells; 7) male cord blood cells alone. The sepa* 
10 rate aliquots were then incubated with the individual monoclonal antibodies being tested. Analysis and sorting were 
performed using a f low cytometer. For each aliquot, a bivariate histogram was obtained, and gating parameters were 
established for antibody positive and antibody negative cells. The sorted cells were collected into sterile micro test 
tubes and frozen at -20°C. PGR amplification was performed with primers that detect a 397 bp sequence unique to the 
Y chromosome. The presence of a band at 397 bp in autoradiographs was used to confirm the presence of male unbil- 
75 ical cord blood cells in sorted samples. 

Figure 5 shows the histograms obtained when FITC-anti transfen-in receptor is used. In the non-pregnant female. 

0. 1% of the mononuclear cells react with the antibody. In male cord blood, 24.9% of the mononuclear cells react with 
the antibody With the addition of more and more umbilical cord cells to the non-pregnant female cells, an inaeased 
percentage of cells that react with the antibody is seen. 

20 Rgure 6 shows that male DNA is detected in the TfR^ cells when 10^-10^ male cells are added. Male DNA is 
detected in the Tf R~ cells when 10^-10^ male cells are added. This results from the presence of male white blood cells 
in the TfR' population. 

Figure 7 shows the histograms obtained when anti HPCA-1 antibody is used. In the non-pregnant fenfiale, 0.9% of 
the mononuclear cells react with antibody In umbilical cord blood, a well-defined population of cells is seen, but the per- 
25 centage is only 1.1%. Thus, the addition of umbilical cord blood cells to the non-pregnant female cells is not seen on 
the histograms as clearly as with the transferrin receptor antibody An increased number of HPGA^ cells were colleaed 
as the amounts of added cord blood cells increased. 

In agarose gels, the 397 bp band consistent with DNA was detected in the HPCA+ cells when 10^-10^ male cells 
were added to the female cells. Male DNA was detected in agarose gels in the HPCA cells when 10^ male cells were 
30 added to the female cells. 

Example 9 In situ Hybridization Using Molecular Probes Recoonizina Individual Chrom osomes in Flow Sorted Nucle- 
ated Erythrocytes 

35 To demonstrate diagnostic utility of the present invention, a DNA probe set was consfructed of chromosome spe- 
cific probes that provided both good signal to noise ratios and good spatial resolution of the fluorescent signals. Accord- 
ingly, specific probes were developed for five chromosomes frequently seen as liveborn aneuploidies; chromosomes 
13. 18, 21, X and Y. A probe for chromosome 1 was used as a control. In consfructing the probes, the general strategy 
was to identify a starting done that mapped to the desired chromosomal region by multiple genetic and physical meth- 

40 ods, and then to use that clone to identify a matching cosmid "contig" which was then used as a hybridization probe. 
Hybridization of the high copy number repeat sequences was suppressed by inclusion of total genomic human 
DNA, and the chromosomal specificity verified by hybridization to metaphase spreads. The probes gave sharp, punc- 
tate fluorescent signals in interphase cells that was easily discriminated and enumerated. The Y probe used in this 
study was pDP97, a repetitive clone (a 5.3 kb EcoRI Y fragment from cosmid Y97 subcloned into EcoRl site of pUC- 

45 13). All probes were labeled with biotin. hybridized under suppression conditions, and specific hybridization detected by 
conjugated streptoavidin-FlTC, which showed as a single "dot" in the FITC image. As illustrated In Figure 8. the Y chro- 
mosome was detected by in situ hybridization of the pDP97 probe for the Y chromosome in a fetal nucleated red blood 
cell. Thus, prenatal diagnosis for chromosomal abnormalities could be performed on fetal cells isolated from maternal 
blood. 

50 

Claims 

1. A method of s^rating fetal nucleated cells (e.g. fetal nucleated erythrocytes) present in a sample of blood 
obtained from a pregnant woman, comprising separating fetal nucleated cells present in the sample of blood from 

55 other cells present in the blood on the basis of an antigen present on fetal nucleated cells, or present on other cells 
present in the blood, but not present on both. 

2, An in vitro method of separating fetal nucleated erythrocytes present in the blood of a pregnant woman, comprising 
sorting fetal nucleated erythrocytes present in tiie blood on the basis of an immunologic feature which is character- 
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istic of fetal nucleated erythrocytes or characteristic of cells other than fetal nucleated erythrocytes. t>ut not charac- 
teristic of both. 

' 3. A method of separating fetal nucleated cells present in a sample of whole blood obtained from a pregnant woman, 
5 comprising contacting the sample of whole blood with at least one antibody which is specific for an antigen present 
on fetal nucleated cells, but not present on maternal cells, under conditions appropriate for binding of the anibody 
with the antigen present on fetal nucleated cells, thereby forming antibody-fetal nucleated cell complexes and sep- 
arating antibody-fetal nucleated cell complexes from the sample. 

10 4. A metiiod of separating fetal nucleated erythrocytes present in a maternal blood sample, comprising tiie steps of: 

a) Contacting the blood sample witii 1) a first monoclonal antibody, which is specific for an antigen present on 
fetal nucleated erythrocytes but not for maternal leucocytes and 2) a second monoclonal antibody, which is 
specific for an antigen present on maternal leucocytes but not on fetal nucleated erythrocytes, under conditions 

IS appropriate for binding of monoclonal antibody to specific antigen, thereby producing fetal nucleated erytiiro- 

cyte/first monoclonal antibody complexes and maternal leucocyte/second monoclonal antibody complexes; 
and 

b) separating fetal nucleated erythrocyteffirst monoclonal antibody complexes from maternal leucocyte/second 
monoclonal antibody complexes. 

20 

5. The method of Claim 4 wherein the first monoclonal antibody and the second monoclonal antibody are fluores- 
centiy labelled, each with a different fluorescent material and separation in step (b) is by flow cytometry. 

6. A method of separating fetal nucleated erythrocytes present in a sample of blood obtained from a pregnant woman, 
25 comprising he steps of: 

a) combining the maternal sample witii at least one detectable monoclonal antibody selective for fetal nucle- 
ated erythrocytes, under conditions appropriate for binding of detectable nfX)noclonal antibody witii fetal nucle- 
ated erythrocytes, to produce bound detectable monoclonal antibody: and 

30 b) separating bound detectable monoclonal antibody from the sample. 

7. The method of Claim 6 further comprising, 

a) In step (a), combining the maternal sample with at least two detectable monoclonal antibodies, wherein tiie 
35 first of said detectable monoclonal antibodies is selective for antigens present on mature human leucocytes 

and for antigens present on very immature erytiirocyte precursors, but not for mature nucleated erythrocytes: 
ttie second of said detectable monoclonal antibodies Is selective for an antigen which is present on tiie surface 
of fetal nucleated erythrocytes: the second of said detectable monoclonal antibodies is selective for an antigen 
which is present on tiie surface of fetal nucleated erythrocytes, but not for antigens present on mature human 
40 leucocytes or antigens present on very immature erythrocytes; and tiie two detectable monoclonal antibodies 

are separately detectable, to produce a first bound detectable monoclonal antibody and a second bound 
detectable monoclonal antibody: and 

b) in step (b). separating tiie first bound detectable monoclonal antibody and tiie second bound detectable 
monoclonal antibody from one another; and for example wherein the first of said detectable monoclonal anti- 

45 bodies is selected from the group consisting of HLe-1. L4 and M3 HLe-1 and the second of said detectable 

monoclonal antibodies is anti-Tf R antibody. 

8. A metiiod of separating fetal nucleated cells present in the blood of a pregnant woman, comprising the steps of: 

50 a) separating a sample of blood obtained from the pregnant woman into constituent layers, said constituent lay- 

ers including a mononuclear cell layer; and 

b) separating fetal nucleated cells present in the mononuclear cell layer from other cells present in tiie mono- 
nuclear cell layer on the basis of an antigen present on fetal nucleated cells, present on other cells present in 
tiie mononuclear cell layer, but not on botti. 

55 

9. The metiiod of Claim 8 wherein tiie sample of blood obtained from the pregnant woman is separated into constitu- 
ent layers In step (a) by density gradient centrifugation and tiie fetal nucleated cells are fetal nucleated erytiiro- 
cytes. 
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10. A method of separating fetal nucleated erythrocytes present in the blood of a pregnant woman, comprising enrich- 
ing the proportion of fetal nucleated erythrocytes present in a sample of peripheral blood obtained from the preg- 
nant woman to produce a maternal sample enriched in fetal nucleated erythrocytes, and sorting fetal nucleated 
erthrocytes present in the maternal sample enriched in fetal nucleated erythrocytes on the basis of an immunologic 

5 feature which is characteristic of fetal nucleated erythrocytes or characteristic of cells other than fetal nucleated 
erythrocytes, but not characteristic of both. 

1 1 . The method of Claim 1 0 wherein the proportion of fetal nucleated erythrocytes present in the sample of peripheral 
blood is enriched by separating the sample by density gradient centrifugation into constituent layers and removing 

10 the mononuclear cell layer. 

12. A method of separating fetal nucleated erythrocytes present in a maternal blood sample, comprising the steps of: 

a) separating the maternal blood sample into constituent layers, said constituent layers including a mononu- 
15 clear cell layer; 

b) separating the mononuclear cell layer from the constituent layers produced in step (a); 

c) contacting the mononuclear cell layer with 1) a first monoclonal antibody, which is specific for an antigen 
present on fetal nucleated erythrocytes but not for maternal leucocytes and 2) a second monoclonal antibody, 
which is specific for an antigen present on maternal leucocytes but not on fetal nucleated erythrocytes, under 

20 conditions appropriate for binding of monoclonal antibody to specific antigen, thereby producing fetal nucleated 

erythrocyte/first monoclonal antibody complexes and maternal leuoocytefeecond monoclonal antibody com- 
plexes; and 

d) separating fetal nucleated erythrocyte/first monoclonal antibody complexes from maternal leucocyte/second 
monoctonal antibody complexes. 

25 

13. The method of Claim 12 wherein the first monoclonal antibody and the second monoclonal antibody are fluores- 
centiy labelled, each with a different fluorescent material and separation in step (d) is by flow cytometry. 

14. A method of separating fetal nucleated erythrocytes present in a sample of blood obtained from a pregnant woman, 
30 comprising the steps of:. 

a) initially enriching the proportion of fetal nucleated erythrocytes present in tiie sample of blood by separating 
non-nucleated erythrocytes from nucleated erythrocytes present in tiie sample on the basis of size and density, 
to produce an enriched maternal sample; 
35 b) further enriching the proportion of fetal nucleated erythrocytes present in the enriched maternal sample by 

combining the enriched maternal sample witii at least one detectable monoclonal antibody selective for fetal 
nucleated erytiirocytes, under conditions appropriate for binding of detectable monoclonal antibody witii fetal 
nucleated erythrocytes, to produce bound detectable monoclonal antibody; and 
c) separating bound detectable monoclonal antibody from the sample. 

40 

15. The method of Claim 14 furttier comprising. 

a) in step (b), combining the enriched maternal sample with at least two detectable monoctonal antibodies, 
wherein the first of said detectable monoclonal antibodies is selective for antigens present on mature human 

45 leucocytes and for antigens present on very immature erythrocyte precursors, but not for mature nucleated 

erythrocytes; the second of said detectable monoclonal antibodies is selective for an antigen which is present 
on the surface of fetal nucleated erythrocytes, but not for antigens present on mature human leucocytes or anti- 
gens present on very immature erythrocytes; and the two detectable monoclonal antibodies are separately 
detectable, to produce a first bound detectable monoclonal antibody and a second bound detectable mono- 

50 clonal antibody; and 

b) in step (c), separating the first bound detectable monoclonal antibody and the second bound detectable 
monoclonal antibody from one another; and for example wherein the first of said detectable monoclonal anti- 
bodies is selected from the group consisting of HLe-1, L4 and M3 HLe-1 and tiie second of said detectable 
monoclonal antibodies is anti-Tf R antibody. 

55 

16. A metiiod of detecting tiie occurrence of fetal DNA of interest in fetal DNA in a sample of blood obtained from a 
pregnant woman, comprising the steps of: 

a) separating fetal nucleated celts present in the sample of peripheral blood from tiie sample, to produce sep- 
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arated fetal nucleated cells; 

b) treating separated fetal nucleated cells to render DNA present in said cells available for hybridization with a 
complementary nucleotide sequence; 

c) contacting the product of step (b) with a selected DNA probe which is a nucleotide sequence complementary 
to the fetal DNA of interest, under conditions appropriate for hybridization of complementary DNA sequences 
to occur; and 

d) detecting hybridization between the product of step (b) and the selected DNA probe, the occun^ence of 
hybridization being indicative of the presence of fetal DNA of interest in the fetal DNA. 

17. A method of detecting the occurrence of a fetal DNA of interest in fetal DNA in a sample of peripheral blood 
obtained from a pregnant woman, comprising the steps of: 

a) separating fetal nucleated erythrocytes present in the sample of peripheral blood from the sample; 

b) amplifying DNA present in the separated fetal nucleated erythrocytes, to produce amplified fetal DNA; 

c) treating amplified fetal DNA to render it available for hybridization with a complementary nucleotide 
sequence; 

d) combining the product of step (c) with a DNA probe which is a nucleotide sequence complementary to the 
fetal DNA of interest; and 

e) detecting hybridization between the product of step (c) and the DNA probe, the occurrence of hybridization 
being indicative of the presence of fetal DNA of interest in the fetal DNA. 

18. A kit for detecting fetal DNA of interest in a sample of maternal blood comprising: 

a) at least one antibody which is selective for a surface antigen characteristic of fetal nucleated cells but not 
selective for a surface antigen characteristic of maternal leucocytes; 

b) selected DNA primers; and 

x) at least one DNA probe complementary to the fetal DNA of interest. 

19. A kit for detecting fetal DNA of interest in a sample of maternal blood comprising: 

a) at least one antibody which is selective for a surface antigen characteristic of fetal nucleated cells but not 
selective for a surface antigen characteristic of maternal leucocytes; 

b) a solid support having affixed thereon antibodies selective for the antibody of (a); 

c) selected DNA primers; and 

d) at least one DNA probe complementary to the selected DNA. 

20. The kit of Claim 19, wherein the solid support is a magnetic bead and further Comprising a magnet. 

21 . A kit for separating fetal nucleated cells present in a sample of blood obtained from a pregnant woman comprising: 

a) at least one antibody which is selective for a surface antigen characteristic of fetal nucleated cells but not 
selective for a surface antigen characteristic of maternal cells; and 

b) a solid support having aWiXBd thereon antibodies selective for the antibody of (a). 
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Description 

Technical Field 

[0001] This invention relates to a method and assem- 
bly for the detection, identification, enumeration and 
confirmation of circulating cancer and/or hematologic 
progenitor cells in an antlcoagulated wholis blood sam- 
ple which Is contained in a transparent sampling tube 
assembly. The detection, identification, enumeration 
and confirmation steps can all be performed in situ in 
the sampling tube assembly. More particularly, the 
method of this invention involves the centrifugal density- 
based separation of the contents of the blood sample in 
a manner which will ensure that any circulating cancer 
and/or hematologic progenitor cells in the blood sample 
are physically displaced by their density into a predeter- 
mined axial location in the blood sample and in the sam- 
pling tube assembly, and also into a restricted optical 
plane in the sampling tube assembly which is adjacent 
to the wall of the sampling tube, and finally into a very 
well-defined zone of that optical plane. 

Background Art 

[0002] Gytology is the science and technology in- 
volved in the morphological characterization of mamma- 
lian ceHs. Cytology. has clinical utility in both human and 
veterinary nriedicine. Cytology is most often used to di- 
agnose the presence or absence of malignancy In ex- 
foliated or harvested cells: a) that are shed Into a body 
cavity such as the pleural space or peritoneum; b) that 
are shed into a body fluid that is excreted as, for exam- 
ple, sputum or urine; c) that are obtained by scraping or 
brushing a body surface, such as the uterine cervix, the 
uterine cavity, or bronchial mucosa; or d) that are ob- 
tained by direct needle-mediated aspiration from a tu- 
mor such as tumors of the thyroid, breast, lung, or the 
like. The exfoliated or harvested cells are then typically 
fixed, stained and visually studied, usually by bright field 
microscopy, and then, If needed, by immunologic stains 
and/or other molecular techniques. 
[0003] This year approximately five hundred sixty 
thousand people will die from solid tumors (predomi- 
nantly carcinomas) in the USA. Many of these deaths 
could be prevented by early diagnosis of these malig- 
nancies. Unfortunately, with the possible exception of 
the Prostate Specific Antigen (PSA) test for prostate 
cancer, there Is no practical and routine methods that 
have been found to be effective for early detection of 
solid tumors through blood analysis. 
[0004] Through early detection of cervical cancer, the 
Pap smear has decreased rtiortality from cen/icaj can- 
cer in the United States by over seventy percent. Devel- 
opment of an analogous test for other solid tumors could 
have a similar impact on overall cancer mortality. 
[0005] The presence of circulating cancer cells that 
are spontaneously shed by cancerous tumors into the 



circulating blood stream which is supplying the tumors 
with oxygen and nutrients has been confirmed. The 
presence of such cells in the blood stream has been in- 
ferred for decades because of the spread of cancerous 
5 tumors by what has been described as the hematoge- 
nous route and on very rare occasions have been visu- 
alized in blood specimens. Recently sophisticated pro- 
cedures which employ reverse transcriptase in conjunc- 
tion with Polymerase Chain Reaction (PCR) have been 
10 able to detect the presence of tumor cells by their mo- 
lecular signature in a significant number of patients with 
cancer, both when the cancer is localized and after it 
has spread. 

[0006] An additional means of detecting circulating 
cancer cell employs a technology known as Fluorescent 
Activated Cell Sorting (FACS), such as that manufac- 
tured by Becton Dickinson and Company of Franklin 
Lakes, New Jersey. The FACS detection of circulating 
cancer cells involves detection of cancer cells by detect- 
ing fluorescent labeled antibodies which are directed 
against and bound to one or more epitopes that are 
present on or in cancer cells, and are not present on or 
in normal blood cells; and/or by detecting combinations 
of epitopes that are present on or in circulating normal 
blood cells and that may or may not be present on or in 
cancerous ceils, or combinations of the aforesaid meth- 
ods. 

[0007] The FACS technology is thus based on cell 
highlighting, i.e., It is photometric and utilizes antibody- 
epitope specificity, and it cannot be used to morpholog- 
ically analyze cells in situ in the FACS instrument. Both 
the reverse transcriptase/PCR, (the molecular method), 
and the FACS, (the immuno-phenotypic method), re- 
quire that the origin of the tumor being sought be known 
in order to select for the specific molecular species or 
Immuno-phenotypic signals. The aforesaid techniques 
have contributed to confirmation of the theory that can- 
cer cells do circulate in the blood stream, but these tech- 
niques are not practical especially in point of care appli- 
cations, by virtue of their cost and/or nature, for detect- 
ing the presence or absence of circulating tumorous 
cancer cells in the blood stream. Thus, there is no gen- 
eral or generic blood analyzing procedure for the detec- 
tion and confirmation of the malignant nature of circu- 
lating cancer cells, regardless of their source, in a pa- 
tient. In addition, neither the aforesaid molecular nor the 
immuno-phenotypic methods utilize in situ, i.e., In a 
closed sampling system, cytopathologically-based 
analyses to determine the morphometric characteristics 
of circulating cells which permit cancer cells to be iden- 
tified and confirmed. 

[0008] Since approximately eighty two percent of all 
cancers are epithelial in origin (seventy two percent of 
which are fatal), epithelial cancer cells should be detect- 
able in circulating blood. While the presence of epithelial 
cells in the circulating blood stream does not, by itself, 
prove malignancy, it does alert the cytologist to the 
greater likelihood of malignancy since epithelial cells are 
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not normaHy seen In the circulating blood stream. In cer- 
tain cases, however; such as after surgery; or as a result 
of physical traunia; or as a result of dental flossing, or. 
In cases of prostatitis, for example, It Is possible that 
non-malignant epithelial cells may be found in the circu- 
lating blood stream. Visual morphological analysis of 
cells is currently the most reliable way to distinguish can- 
cerous epithelial cells from benign epithelial cells which 
are found in the circulating blood sample. One problem 
which exists in connection with attempts to detect circu- 
lating cancer cells in blood via morphological analysis 
relates to the fact that circulating cancer cells in blood 
are often virtually indistinguishable from circulating he- 
matologic progenitor cells, or blasts, by cytological anal- 
ysis alone. 

[0009] The paucity of cancer cells that may be present 
in a sample of circulating blood would require the cy- 
topathologlst to carefully examine approximately ten 
million nucleated blood cells in order to find one cancer 
cell, and that one cancer cell would be randomly located 
in the ten million nucleated blood cells, which in turn will 
themselves be homogeneously dispersed in a sea of 
five billion non-nucleated cellular blood constituents, i. 
e., the erythrocytes, plus two hundred fifty million plate- 
lets, all of which will be found in one milliliter of blood. 
Such ia task would be very time consuming, and Is thus 
impractical for use in analyzing a patient's blood for the 
presence or absence of cancer cells. 
[001 0] Another type of rare circulating nucleated cells 
which may be found in a blood sample are hematologic 
progenitor cells (HPC's), which Include blasts, stem 
cells, and other progenitors of normally circulating cells 
are not usually present In a sample of circulating blood 
at levels which can be detected by the use of presently 
available hematotopic instruments, such as impedance 
counters and examination of stained peripheral blood. 
In patients who are receiving chemotherapy and in pa- 
tients who are receiving human granulocyte colony- 
stimulating factor (HGCSF), and other similar cytokines, 
HPC's are more likely to be present, but generally at 
very low numbers, i.e., at about one to one thousand 
per ml, or less, of the sample. Thus, low concentrations 
of HPC's in a blood sample renders the HPC's non-de- 
tectable by routine methods. 

[0011] It is important to detect and enumerate the 
HPC's because their enumeration can permit more effi- 
cient harvesting of the HPC's for clinically important 
stem cell transplant therapies. Similarly, the detection of 
circulating cancer cells in patients whose HPC's are be- 
ing han/ested is important so that reinf usion into the pa- 
tient of harvested circulating cancer cells can be mini- 
mized. 

[0012] A technique has been developed to measure 
constituent layers In a complex material mixture by cen- 
trifuging a sample of the material mixture in a capillary 
or other tube which contains an insert, typically a float.. 
The float is preferably cylindrical, and has a specific 
gravity which causes it to settle into the centrifuged mix- 



ture to a degree which creates an annular free volume 
in the tube into which the layer, or layers to be measured 
will settle. The layers to be measured are thus physically 
elongated, and can thus be more easily and accurately 
5 measured. The aforesaid technique is described in U. 
S. Patents Nos. 4,027,660, Issued June 7, 1977; 
4,082,085 issued April 4, 1978; 4,156,570 issued May 
29, 1979; and others. This technology is presently being 
marketed by Becton Dickinson and Company under the 
registered trademark "QBC". This "QBC" technology 
has been adapted for use in the isolation and identifica- 
tion of microfilarial infestation of a blood sample, as set 
forth in U.S. Patent No. 4,190,328, issued February 26, 
1980. U.S. Patents Nos. 5,403,714, issued April 4, 
1995; 5,496,704, issued March 5, 1996; 5,506,145. is- 
sued April 9, 1996; and others describe the use of the 
aforesaid "QBC" technology to assay anticoagulated 
whole blood for various analytes; and also to assay tis- 
sue samples for the presence or absence of cancerous 
tumor cells, wherein tissue samples are admixed with a 
saline buffer solution prior to analysis. 
[001 3] It is evident that there exists a compelling need 
for a simple procedure and a system for performing such 
a procedure whereby a sample of capillary blood or ve- 
nous blood could be quickly and accurately analyzed for 
the presence or absence of circulating cancer cells and/ 
or hematologic progenitor cells. Additionally, the proce- 
dure should enable one to differentiate cancer cells from 
hematologic progenitor cells; and also enable one to 
confirm the nature of detected cells, all in situ, in the 
blood sampling paraphernalia. 

Disclosure of the Invention 

35 [0014] This invention relates to a method and appa- 
ratus for visually or photometrically detecting circulating 
cancer and/or hematologic progenitor cells In an antico- 
agulated whole blood sample, which blood sample Is 
contained in a transparent sampling tube. The detection 

40 and confirmation of circulating cancer and/or hemato- 
logic progenitor cells in the blood sample can be at- 
tained in a rnatter of minutes by utilizing the fact that 
circulating cancer cells which are of epithelial origin, and 
hematologic progenitor cells, when present in the circu- 

45 lating blood stream, have a different density than the 
other nucleated constituents of blood and, when gravi- 
metrically separated, the epithelial cancer and/or hema- 
tologic progenitor cells will layer out in; or adjacent to, 
the platelet layer of the centrifuged blood sample. We 

50 have determined that circulating epithelial cancer and/ 
or hematologic progenitor cells do not layer out by sed- 
imentation, i.e.. by size, in the centrifuged blood sample, 
but rather layer out by density in the centrifuged blood 
sample. The platelet layer is a blood constituent layer 

55 which is generally devoid of nucleated cells, and is also 
free of materials which are susceptible to DNA staining, 
thus allowing quick identification of nucleated cells 
which are in the vicinity of the platelet layer. 
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[0015] This invention allows in situ, i.e., in the sam- 
pling paraphernalia, visual morphometric analysis and 
also labeled epitopic analysis and identification of sus- 
picious, i.e., large cells of low specific gravity, nucleated 
cells which are found in the centrifuged blood sample. 
The invention also can allow in situ analysis of the sus- 
picious cells in the sampling tube assembly. Such anal- 
ysis can confirm whether individual suspicious cells are 
epithelial and malignant; epithelial and benign; or non- 
epithelial in origin but are hematologic progenitor cells, 
all without removing the blood sample from the sampling 
tube. A significant advantage to using the "QBC" para- 
phernalia to isolate and identify circulating cancer and/ 
or hematologic progenitor cells in antlcoagulated whole 
blood is that the "QBC" paraphernalia provides a closed 
system which is not susceptible to cross contamination 
from other samples. This advantage is very important in 
a reliable rare event detection system. 
[0016] The cancer and/or hematologic progenitor 
cells in question are found to be in the vicinity of the 
platelet layer in a blood sample which has been centri- 
fuged in the aforesaid "QBC" tube and insert parapher- 
nalia, when the blood sample is examined under appro- 
priate magnification. The procedure of this invention 
thus involves two steps which are each performed in situ 
while the blood sample remains in the sampling tube. 
[0017] One step involves the detection of character- 
istic epitopic highlighting on the cells to determine the 
epithelial origin, or hematologic progenitor origin, of the 
nucleated cells noted in the tube. This step can be char- 
acterized as an "epitopic" analysis. In performing the 
epitopic step, one can use epithelial-specific antigens, 
such as E-cadherIn, Cadherin 11, Epithelial membrane 
antigen (EMA), Carcino embryonic antigen (CEA), In- 
tegrins, EP-CAM, MUC3, CD-44. growth factor recep- 
tors, such as epidermal growth factor (EGF) receptor, 
Hepatocyte growth factor (HGF) receptor, among others 
for detection of cells of epithelial origin. 
[0018] In order to detect cells of HPC origin, HPC 
epitopic-specific labeled antibodies which are directed 
against CD-33. CD34, for example, may be used. Epi- 
thelial cells will not be recognized by the aforesaid HPC- 
specific antibodies, nor will the HPC cells be recognized 
by the labeled epithelial-specific antibodies or other 
binding particles. Liposome encapsulation of the label 
may be used to enhance the ratio of signal to noise, and/ 
or to change the density of the targeted cells. Encapsu- 
lation of dyes in liposomes, modification of the lipo- 
somes with binding agents, and attachment of labeled 
liposomes to target analytes in a sample, are all de- 
scribed in U.S. Patent No. 5,593,848, issued January 
14, 1997 to R. A. Levine et al. 
[0019] The other step involves morphological exami- 
nation of cells either to identify suspicious cells, or to 
confirm the malignant nature of the cells. The other step 
can therefore be characterized as a "morphometric" or 
"morphological;" analysis. A universal morphometric 
stain such as acridine orange, DAPI, Hoechst, or 



"SYTO" brand dyes, or the like can be employed in this 
step. These two steps can be performed in either order, 
i.e., either one can be used to identify suspicious cells 
in the blood sample, and the other can be used to con- 
5 firm the malignant or benign nature of any suspicious 
cells. The decision to rely on either the epitopic or mor- 
phometric analysis, or both, to determine the malignan- 
cy of a cell is dependent upon the type of tumor(s) that 
encountered. In some cases, the morphometric features 
10 alone are sufficiently characteristic so as not to require 
any additional confirmatory test. In other cases, an 
epitopic analysis may alone be sufficient. It is generally 
desirable and prudent to use both the epitopic and mor- 
phometric analyses in assaying the blood sample. 
15 [0020] Morphometric analysis of suspicious nucleat- 
ed cells that are detected in the vicinity of the platelet 
layer in the centrifuged blood sample can be accom- 
plished by a cytopathologist visually, analyzing the 
blood sample either in situ in the tube, or by the cy- 
topathologist visually analyzing an image, or a series of 
images, of the suspicious cells, which images are cap- 
tured in situ in the tube, either manually by a technician- 
operated camera, or are captured automatically by an 
automated imaging instrument. The visual and image 
analysis or capture steps of the blood analysis method 
of this invention are all conducted with optical magnifi- 
cation of the centrifuged blood sample while the latter . 
remains in the sampling tube. Morphometric analysis of 
captured images of nucleated cells from the blood sam- 
ple can be remotely performed on the captured images. 
[0021] Detection of nucleated cells which are sus- 
pected to be cancerous or of hematologic progenitor or- 
igin that are found in the centrifuged blood sample in the 
vicinity of the platelet layer can be based upon differen- 
tial staining of the suspect cells as a result of the pres- 
ence and/or absence of surface epitopes known to be 
present or absent on most epithelial cells, and/or on 
most epithelial cancer and/or hematologic progenitor 
cells, and are also known to be absent on normal circu- 
lating nucleated and non-nucleated blood cells or their 
precursors. Fluorophores or other detectable dyes or 
markers with distinctive emissions, such as Rhodamine, 
Fluorescein, Cy3, CyS, Texas Red, Bodipy, or the like, 
can be coupled to antibodies or antigens, either directly, 
or after being encapsulated in liposomes as described 
in the aforesaid U.S. Patent No. 5,593,848. 
[0022] Another way to detect nucleated cells in the 
blood sample involves the addition to the blood sample 
of a universal nucleated cell stain such as acridine or- 
ange, Hoescht. DAPI, or "SYTO" brand dyes for exam- 
ple, which are capable of differentially staining all nucle- 
ated cells that may be found in the blood sample so as 
to differentially highlight and clarify the morphology of 
all of the nucleated cells in the blood sample. 
[0023] The epitopic stains and the universal stain will 
maximally fluoresce at different wavelengths, thus al- 
lowing the detection of suspicious cells visually or by 
means of an automated instrument. For example, the 
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centrlfuged blood sample can be scanned by an appro- 
priate Instrument so as to identify all nucleated cells in 
the region of interest, and then scanned again with a 
different light filter set so as to identify all epithelial cells 
in the blood sample. In this way, cells can be identified 
which call for visual inspection for abnormal morpholo- 
gy. The visual morphometric examination can be per- 
formed as a preliminary detection test or it can be per- 
formed as the subsequent confirmatory test of the na- 
ture of the suspicious cells. 

[0024] The preliminary morphometric visual analysis, 
or the photometric epitopic analysis, will be performed 
in the vicinity of the platelet layer of the expanded buffy 
coat in the blood sample. The fact that circulating cancer 
cells of epithelial origin, as exemplified by lung cancer, 
prostate cancer, breast cancer, rectal/colon cancer, 
. ovarian cancer, and kidney cancer, among others, can 
be found in the vicinity of the platelet layer in a centri- 
f uged sample of anticoagulated whole blood without the 
need of an extraneous density gradient, and can be mor- 
phologically and colorometrically identified in situ in the 
blood sample tube as being cancerous, is not described 
in the literature. 

Furthermore, the fact that circulating hematologic pro- 
genitor cells, which are derived from the bone marrow 
and are precursors of leukemia, can be found without 
the need of an extraneous density gradient in the vicinity 
of the platelet layer in a centrif uged sample of anticoag- 
ulated whole blood and can be epitoplcally identified, Is 
likewise not described in the literature. 
[0025] It is therefore an object of this Invention to pro- 
vide a method and apparatus for detecting, identifying 
and confirming the presence or absence of circulating 
cancer and/or hematologic progenitor cells in a centri- 
fuged anticoagulated whole blood sample which is con- 
tained in a transparent tube. 

[0026] It is an additional object of this invention to pro- 
vide a method and apparatus of the character described 
wherein the circulating cancer and/or hematologic pro- 
genitor cells are isolated from a vast majority of non- 
cancerous and non-hematologic progenitor nucleated 
blood cells in the blood sample. 
[0027] It is a further object of this invention to provide 
a method and apparatus of the character described 
wherein the preliminary detection step may be per- 
formed either visually or epitopically by appropriate in- 
strumentation, and also wherein the subsequent confir- 
mation step can be performed either visually or epitop- 
ically. 

[0028] It Is a supplementary object of this invention to 
provide a method and apparatus of the character de- 
scribed wherein isolated nucleated cells in the centrl- 
fuged blood sample can be confirmed as malignant or 
benign (negative), or as hematologic progenitor cells, in 
situ in the tube. 

[0029] It is a further object of this invention to provide 

a method and apparatus of the character described 
which enables enumeration of detected circulating can- 



cer and/or hematologic progenitor cells in the blood 
sample. 

[0030] It is another object of this invention to provide 
a method and apparatus of the character described 

5 wherein the blood sample analysis is performed in situ 
in a closed system which system is resistant to contam- 
ination from ambient surroundings, thereby reducing the 
possibility of false positive results. 
[0031 ] These and other objects and advantages of the 

10 invention will become more readily apparent from the 
following detailed description of the invention when tak- 
en in conjunction with the accompanying drawings, in 
which: 

IS Brief. Description of the Drawings 
[0032] 

FIG. 1 is a side elevation view of a tube and float 
paraphernalia assembly which can be utilized to 
perform the procedure of this Invention; 

FIG. 2 Is a schematic view of an automated micro- 
scopical instrument assembly which is adapted for 
use in conjunction with the paraphernalia of FIG. 1 
to perform the procedure of this invention; 

FIG. 3 is a graphic depiction of a photomicrograph 
taken of cultured breast cancer cells (MDA-MB- 
468) which were added to a sample of acridine or- 
ange-stained anticoagulated whole blood, and 
which cells were Isolated, visually identified, and 
visually confirmed in the centrifuged blood sample 
using a 10X objective lens in an appropriately con- 
figured microscopical instrument assembly; 
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FIG. 4 is a graphic depiction of a photomicrograph 
taken of HT-29 colon cancer cells which were added 
to a sample of acridine orange-stained anticbagu- 
40 lated whole blood which cells were isolated, visually 
identified, and visually confirmed in situ in the tube 
containing the centrifuged blood sample using a 
10X objective lens in an appropriately configured 
microscopical instrument assembly; 

45 ■ 

FIG. 5 is a graphic depiction of a photomicrograph 
taken of a single cultured HT-29 colon cancer cell 
added to a sample of acridine orange-stained anti- 
coagulated whole blood using a SOX objective lens 
50 immersed in oil in an appropriately configured mi- 
. croscope assembly, which cell was isolated, visual- 
ly identified, and visually confirmed in situ in the 
tube containing the centrifuged blood sample; 

55 FIG. 6 is a graphic depiction similar to FIG. 5 of the 
photomicrograph taken in situ In a sampling tube of 
the single cultured HT-29 colon cancer cell in a sam- 
ple of acridine orange-stained anticoagulated 
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whole blood using a 50X objective lens immersed 
in oil in an appropriately configured microscopical 
instrument assembly, wherein the cancer cell was 
highlighted by Cy3-labeled E-cadherIn in the centri- 
fuged blood sample; s 

FIG. 7 is a graphic depiction of a photomicrograph 
taken in situ In a sampling tube of cultured HT-29 
colon cancer cells which were added to a sample 
of acridine orange-stained anticoagulated whole io 
blood and which were isolated, visually detected 
and confirmed using a 200X objective lens im- 
mersed In oil In an appropriately configured micro- 
scopical instrument assembly; 

15 

FIG. 8 is a graphic depiction similar to FIG. 7 of the 
photomicrograph taken of the cultured HT-29 colon 
cancer cells which were added to a sample of acri- 
dine orange-stained anticoagulated whole blood 
and which were isolated, visually detected and con- 20 
firmed using a 200X objective lens immersed in oil 
In an appropriately configured microscopical instru- 
ment assembly, vyherein the cancer cells were high- 
lighted by Cy3-labeled E-cadherin In the centrl- 
fuged blood sample; 25 

FIG. 9 is a graphic depiction of a photomicrograph 
taken of cultured HT-29 colon cancer cells which 
were added to a sample of acridine orange-stained 
anticoagulated whole blood and which were isolat- 30 
ed, visually identified at 200X magnification, and 
visually confirmed In the centrifuged blood sample; 

FIG. 10 is a graphic depiction similar to FIG. 9 of 
the photomicrograph taken of cultured HT-29 colon 35 
cancer cells in the sample of acridine orange- 
stained anticoagulated whole blood at 200X mag- 
nification wherein the cancer cells were highlighted 
by Cy3-labeled E-cadherin in the centrifuged blood 
sample; . 40 

FIG. 11 is a graphic depiction of a photomicrograph 
taken of circulating breast cancer cells detected in 
a sample of acridine orange-stained anticoagulated 
whole blood taken from a patient known to have 45 
metastatic breast cancer, which cells were isolated, 
visually identified using a microscope assembly 
having a SOX objective lens, and visually confirmed 
in situ in the tube containing the centrifuged blood 
sample; 50 

FIG, 12 is a graphic depiction similar to FIG. 11, but 
showing the circulating breast cancer cells high- 
lighted by CyS-labeled E-cadherih in the centri- . 
fuged blood sample; 55 

FIG. 1 3 is a graphic depiction of a photomicrograph 
taken of circulating prostate cancer cells taken from 



a patient known to have rrietastatic prostate cancer,, 
and whjch cells were isolated, visually identified at 
500X magnification, and visually confirmed in situ 
in the tube containing the centrifuged blood sample; 

FIG. 1 4 is a graphic depiction similar to FIG. 1 3, but 
showing the circulating prostate cancer cells high- 
lighted by Cy3-labeled E-cadherin in the centri- 
fuged blood sample; 

Detailed Description of the Invention: 

[0033] Referring now to the drawings, there is shown 
in FIG. 1 a side elevational view of a sampling tube and 
float assembly, which is referred to hereinafter generally 
as "the paraphernalia" and which includes a transparent 
sampling tube 2 which contains an elongated plastic in- 
sert or float 4. The tube 2 has a lower end 6 which is 
closed off by means of a closure cap 1 0. The tube 2 can 
be a capillary tube, or it can be a larger tube such as is 
described in U.S. Patent No. 5,086,784, issued Febru- 
ary 11 , 1 992. The thickness of the gap between the tube 
bore and the insert 4 will be at least about ten microns 
so as to be accessible to target cells. 
[0034] FIG. 2 is a schematic depiction of an automat- 
ed colorimetric microscopical Instrument assembly, 
which is denoted generally by the numeral 1 2, and which 
can be used to scan a centrifuged blood sample that is 
contained in the paraphernalia shown in FIG. 1 , and can. 
without human intervention, colorometrically differenti- 
ate between different types of cells in the layers being 
scanned, and can create and store or transmit an image 
of the cell layers being scanned. The instrument assem- 
bly 12 includes a stage 14 which includes at least one 
rotatable support 16 which engages the ends of the 
sample tube 2 and enables the sample tube 2 to be ro- 
tated about its axis as the contents of the tube 2 are 
scanned. A reversible electric motor 1 8 selectively ro- 
tates a drive screw 20 in opposite directions so that the 
tube 2 can be axially moved in one direction and then 
in the reverse direction as the tube 2 is rotated stepwise 
in the stage 1 4. In this manner, the entire circumference 
contents of the tube 2 can be scanned. The automatic 
embodiment of the instrument assembly 12 includes a 
CCD camera 22 which, by means of a beam splitter 24 
and lens 26, is focused upon the annular sample-con- 
taining gap in the tube assembly 2, which gap is located 
between the tube bore wall and the outer surface of the 
insert 4. It will be appreciated that the operating range 
of the lens 26 will be at least equal to the thickness of 
the gap between the tube bore and the insert 4 in the 
tube 2. The CCD camera 22 views and records images 
of the sample through a plurality of different emission 
light wave filters 28, 30 and 32 which are mounted on a 
selectively rotatable filter wheel 34. The instrument as- 
sembly 12 also includes an excitation tight source 35 
which directs an excitation light beam at the sample tube 
2 through the beam splitter 24 and the focusing lens 26. 



6 



11 



EP 0 919 812 B1 



12 



A series of excitation light wave length filters 36, 38 and 
40 are mounted on a selectively rotatable filter wheel 
42. The excitation light beam is deflected by the beam . 
splitter 24 toward the focusing lens 26, and is focused 
on the sample tube 2 by the lens 26. Thus, the two filter s 
wheels 34 and 42 allow one to selectively control and 
vary the wave length of the excitation light source, as 
well as the emitted light source. A preprogrammed mi- 
croprocessor controller 44 is operable to selectively 
control the rotation of the sample tube 2, the rotation of 
the filter wheels 34 and 42, and operation of the CCD 
camera 22. The controller 44 thus enables fully auto- 
matic operation of the instrument assembly 12 without 
the need of human intervention. 

[0035] The instrument assembly 12 operates in the '5 
following manner to capture and record images of the 
results of scanning the blood sample contained in the 
tube 2 for suspicious nucleated cells, and also for con- 
firming the malignant or benign nature of observed sus- 
picious cells in situ in the blood sample. A venous or 20 
capillary sample of antlcoagulated whole blood is drawn 
into the sampling tube 2 and insert 4 assembly. The 
blood sample will be admixed in the tube 2, or prior to 
being drawn into the tube 2, with a fluorescent morpho- 
logical stain such as acridine orange, so that morpho- 25 
logical characteristics of nucleated cells which are ob- 
served in the blood sample can be analyzed. The blood 
sample is also admixed with an epithelial cell-specific 
marker which is used to determine whether any suspi- 
cious cells noted in the blood sample are of epithelial so 
origin. This confirmation procedure was chosen be- 
cause all of the tumorous cancer cells which are being 
assayed are epithelial cells. A preferred antigen that is 
highly specific to a surface receptor on epithelial cells in 
E-cadherin. In order to tag any epithelial cells we prefer 35 
to use Cy3 conjugated directly to E-cadherin. The Cy3 
is a marker that f luoriesces at a different wavelength than 
acridine orange. The admixture of antlcoagulated whole 
blood, acridine orange and E-cadherin/Cy3 is centri- 
fuged for a time period of about five minutes in the sam- 40 
pling tube-insert assembly. The centrifuged sample is 
then placed in the supports 1 6 on the stage 1 4, and the 
instrument 12 is turned on. The CCD camera 22 will 
record images of the portion of the centrifuged blood 
sample as the latter is rotated and reciprocated back 45 
and forth through the focal plane of the camera 22. An 
image of the entire circumference of a target zone in the 
blood sample will thus be produced by the camera 22. 
Separate scans will be made, one of which will record 
the blood sample image as defined by an appropriate so 
combination of the filters 28, 30, 32, 36. 38 and 40 which 
is selected so.as to differentially fluoresce the acridine 
orange stain added to the sample. This scan will pro- 
duce images of all nucleated cells In the zone of the 
blood sample being scanned. Another scan will record 55 
the blood sample image as defined by a second appro-, 
priate combination of the filters 28, 30, 32. 36, 38 and 
40 which is selected so as to differentially fluoresce the 



E-cadherin, Cy3 or other label. This scan will produce 
images of all of the nucleated cells in the scanned zone 
of the blood sample which are epithelial cells. 
[0036] Additional filter combinations can be used for 
additional scans depending on what additional cellular 
information is being sought. Such additional useful in- 
formation could include additional cancer cell-specific 
epitopes which will enable the cytopathologist to identify 
the origin of the cancer cells, i.e;, whether they are pros- 
tate cancer cells, breast cancer cells, lung cancer cells, 
ovarian cancer cells, or the like, which epitopic informa- 
tion is presently available, or becomes known in the fu- 
ture. The aforesaid analysis of the blood sample can be 
made automatically by the instrument shown in FIG. 2, 
or it can be performed by visually scanning the sample. 
The scanning steps and the analysis of the results of the 
scanning steps can be performed in either order. Scan- 
ning of the acridine orange-highlighted cells allows one 
to identify ail of the nucleated cells in the scanned zone, 
and also allows one to analyze the morphology of the 
nucleated cells in order to Identify any cells which ap- 
pear to have a morphology which suggests malignancy. 
Scanning of the E-cadherin/Cy3 highlighted cells allows 
one to identify which of the nucleated cells in the 
scanned zone are epithelial cells.. Confirmation of the 
presence of an epithelial cell (E-cadherin/Cy3-highlight- 
ed) having abnormal cell morpihology (acridine orange- 
highlighted) in the centrifuged blood sample alerts the 
cytopathologist to the strong likelihood of a cancerous 
tumor in the blood sample donor. A similar protocol can 
be employed to determine whether suspicious nucleat- 
ed cell are hematologic progenitor cells. 
[0037] Referring now to FIGS. 3-14, there are depict- 
ed the results of photometric imaging of scans of blood 
samples taken with the "QBC" paraphernalia, and using 
the aforesaid technology. 

[0038] We conducted experiments wherein cultured 
cancerous tumor cells were added to blood samples, to 
test both the limits of tumor cell detection, as well as to 
verify the differential morphology, and to determine the 
location of the tumor cells In the gravimetrlcally formed 
blood constituent density gradient. These experiments 
confirmed the veracity of the above-described proce- 
dure for isolating, analyzing and confirming the pres- 
ence of circulating tumorous cancer cells in anticoagu- 
lated whole blood samples. 

[0039] FIGS. 3 and 4 show recorded images of the 
morphologic appearance of an acridine orange-stained 
cultured breast cancer cell line, MDA-MB-468, (FIG. 3) 
and an acridine orange-stained cultured colon cancer 
cell line, HTt29, (FIG. 4) which cultured cancer celMines 
were added to respective 100^1 samples of antlcoagu- 
lated whole blood. The spiked blood samples were then 
analyzed in accordance with this invention: The blood 
sample analyses reliably and reproducibty identified the 
cultured breast and cultured colon cancer cells in the 
blood samples. The cells were generally seen in the 
platelet layer near the platelet-plasma interface. Visual 
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analysts of the highlighted cells made in situ ln the sam- 
ple confirmed that they were malignant. 
[0040] FIG. 5 is a recorded image of a single, rather 
large acridine orahige-stained HT-29 colon cancer cell 
which was Isolated in a 100|il sample of blood that had 
been doped with a small concentration of cultured HT- 
29 cancer cells. The bright layer to the right of the cancer 
cell is an interface of the centrifuged platelet layer in the 
blood sample. This image was recorded at 500X mag- 
nification. Visual analysis of the highlighted cells made 
in situ in the sample confirmed that they were malignant. 
[0041] FIG. 6 is a view similar to FIG. 5, but showing 
the isolated HT-29 colon cancer cell as it appears when 
viewed through the E-cadherin/Cy3 filter set. It will be 
noted that all other cells in the field are not highlighted, 
while the HT-29 colon cancer cell is clearly visible, thus 
confirming the fact that the large cell is an epithelial cell. 
Visual analysis of the highlighted cell made in situ in the 
sample confirmed that it was malignant. 
[0042] FIG. 7 illustrates the recorded images of acri- 
dine orange-stained cultured HT-29 colon cancer cells 
taken at 200X magnification, when larger populations of 
the cultured cancer cells were added to the blood sam- 
ple. With the larger population of colon cancer cells, the 
cancer cells were seen to be distributed more widely 
throughout the platelet layer and were concentrated In 
severail locations, one at the lymphocyte-platelet inter- 
face, and another at the platelet-plasma interface. Vis- 
ual analysis of the highlighted cells made in situ in the 
sample confirmed that they were malignant. 
[0043] FIG. 8 is a view similar to FIG. 7 but showing 
the recorded images of E-cadherin/Cy3 stained colon 
cancer cells which confirms the epithelial origin of the 
highlighted cells. Visual analysis of the highlighted cells 
made in situ in the sample confirmed that they were ma- 
. lignant. 

[0044] FIGS. 9 and 1 0 are illustrative of recorded im- 
ages of acridine orange-stained cultured HT-29 colon 
cancer cells which were added to a blood sample, and 
which were taken at 1 0X magnification. The cancer cells 
were seen to be concentrated near the platelet-plasma 
interface. FIG. 9 shows the cancer cells morphologically 
highlighted by acridine orange; and FIG. 10 shows the 
cancer cells epitopically highlighted by E-cadherin/Cy3. 
Thus FIG. 9 confirms the presence of nucleated cells in 
the plasma layer adjacent to the platelet layer of the cen- 
trifuged blood sample; and FIG. 1 0 confirms that certain 
ones of the detected nucleated cells are epithelial cells. 
Visual analysis of the highlighted cells made in situ in 
the sample confirmed that they were malignant. 
[0045] FiGS. 1 1 and 1 2 are illustrative of recorded im- 
ages of acridine orange-stained circulating breast can- 
cer cells in a blood sample taken from a patient known 
to be suffering from metastatic breast cancer. The can- 
cer cells were seen to be concentrated near the platelet- 
plasma interface. FIG. 11 shows the cancer cells mor- 
phologically highlighted by acridine orange; and FIG. 1 2 
shows the cancer cells epitopically highlighted by E- 



cadherin/Cy3. Thus FIG. 11 confirms the presence of 
nucleated cells in the plasma layer adjacent to the plate- 
let layer of the centrifuged blood sample; and FIG. 12 
confirms that certain ones of the detected nucleated 
5 cells are epithelial cells. Visual analysis of the highlight- 
ed cells made in situ in the sample confirmed that they 
were malignant. 

[0046] FIGS. 1 3 and 1 4 are illustrative of recorded im- 
ages of acridine orange-stained circulating prostate 

10 cancer cells in a blood sample taken from a patient 
known to be suffering from prostate cancer. The cancer 
cells were seen to be concentrated near the platelet- 
plasma interface. FIG. 13 shows the cancer cells mor- 
phologically highlighted by acridine orange; and FIG. 1 4 

15 shows the cancer cells epitopically highlighted by E- 
cadherin/Cy3. Thus, FIG. 13 confirms the presence of 
nucleated cells in the plasma layer adjacent to the plate- 
let layer of the centrifuged blood sample; and FIG. 14 
confirms that certain ones of the detected nucleated 

20 cells are epithelial cells. .Visual analysis of the highlight- 
ed cells made in situ in the sample confirmed that they 
were malignant. The fact that not all cells are highlighted 
by Cy3 markers provides an internal negative control 
which confirms that the epitopically highlighted cells are 

25 epithelial in origin. Non-epitopically highlighted nucleat- 
ed cells are lymphocytes. 

[0047] Experiments were also conducted to deter- 
mine the sensitivity of the aforesaid assay. 
[0048] The standard "QBC" capillary tube holds 100^l 

30 of blood which contains 1 x1 0^ of red blood cells (RBCs) 
and 1x106 of nucleated cells (granulocytes, lym- 
phocytes, etc.). Thus, without changing the scale of the 
test, the theoretical limit of sensitivity would be 1 cell in 
1 x1 06 of nucleated cells. Serial dilutions of HT-29 colon 

35 cancer cells were used to obtain multiple paired 10^1 
allquots containing between 1 and 1 0 cells, or pairs con- 
taining between 1 0 and 1 00 cells. The first aliquot of the 
pair was added to the "QBC" tubes and the second was 
counted with a standard hemocytometer. These exper- 

^0 iments led to the conclusion that the limit of sensitivity 
of this assay approaches the theoretical limit of 1 cell in 
1x10^ of nucleated cells using a 110^1 tube. Theoreti- 
cally the sensitivity of the test can be increased up to 
ten fold by performing the analysis in a 1ml blood sam- 

^5 plingtube. 

[0049] Although morphometric analysis may be suffi- 
cient for identification of cancer cells, other methods of 
verification may also be necessary. The assay of this 
invention takes advantage of the fact that it can detect 

50 abnormal cell morphology, and can also, at the same 
time, verify the epithelial or hematologic progenitor ori- 
gin of any abnormal nucleated cells noted in the blood 
sample. Since the analysis of this invention is nonde- 
structive of the cells, the cells may be removed from the 

55 sampling tube for additional analysis by other methods 
such as the PGR method described in the prior art, or 
by biochemical assay. 

[0050] As an example we chose E-cadherin since this 
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antigen is highly specific for epithelial cells and is dis- 
played on the external surface of the cell membrane. 
For these studies we used Cy3, which is a cyanamine- 
based fluorophore, and which was conjugated directly 
to E-cadherin monoclonal antibodies to be able to visu- 5 
alize cell staining at a wavelength other than that used 
for morphometric exarnination using acridine orange-in- 
duced fluorescence. 

[0051] We have confirmed that malignant nucleated 
epithelial cells can be morphometrically identified in a 
centrifuged sample of anticoagulated whole blood using 
the technique of this invention. Suitable morphometric 
criteria which can be visualized In the blood sample in 
situ in the tube assembly include: intracellular nuclear/ 
cytoplasmic ratios; intracellular nuclear size and shape; 
intracellular nuclear chromatin pattern; the thickness 
and size of the nuclear me^mbrane; and the number and 
size of nucleoli; among other things. We have also de- 
termined that epithelial cancer cells and hematologic 
progenitor cells layer out in the centrifuged anticoagu- 
lated whole blood sample by density, rather than by sed- 
imenting out in the blood sample by size. This determi- 
nation allows the detection of circulating cancer cells 
and/or hematologic progenitor cells in a predetermined 
and known zone in the centrifuged blood sample, i.e., 
in the zone of the centrifuged blood sample where the 
platelets layer out. If the circulating cancer and/or he- 
matologic progenitor cells were to sediment out in the 
blood sample by size, one would be unable to define an 
"zone of Interest" where the cancer and/or hematologic 
progenitor cells would be expected to be found. The 
cancer and/or hematologic progenitor cells have been 
found predominantly near the platelet/plasma interface; 
within the platelet layer near the lymphocyte/platelet in- 
terface; or in the lymphpcyte layer in artificially over- 
loaded cases, all depending upon the concentration of 
cancer and/or hematologic progenitor cells which are in 
the blood sample. A theoretical sensitivity of the tech- 
nique of this invention, when employing a 1 0O^il capillary 
tube containing 1x10® nucleated cells, is one detected 
cancer and/or hematologic progenitor cell in 1x10® nu- 
cleated blood cells In a 1 00^1 blood sample Is attainable. 
As noted above, a ten fold increase in the theoretical 
sensitivity should be achievable if the volume of the 
blood sample were increased ten fold, to about one mil- 
liliter. Verification of the origin of cancer and/or hemato- 
logic progenitor cells in the blood sample can be con- 
firmed by immunofluorescent labeling of suspicious 
cells. Thus visual Inspection of the cells will determine 
whether they display cancerous morphometric charac- 
teristics, and immunofluorescence will verify the origin 
of the suspicious cells being inspected. 
[0052] It will be appreciated that the aforesaid proce- 
dures and apparatus can be used to screen patients for 
the presence or absence of cancer cells; can be used 
to assess staging of a malignant tumor; can be used to 
assess the effectiveness of chemotherapy on patients 
being treated for cancer; and can be used to identify and 



enumerate hematologic progenitor cells in the blood 
sample. The detection and enumeration of hematologic 
progenitor cells and cancer cells is of clinical importance 
for stem cell harvesting and purging of cancer cells from 
harvested stem cells. The use of this invention as a 
means to assess the effectiveness of chemotherapy 
provides a much more sensitive and rapid way to eval- 
uate the therapy than does CAT scanning, X-ray, or the 
like which are presently used to monitor the size of a 
tumor. The effectiveness of chemotherapy may be as- 
sessed by counting the number of cancer cells in the 
blood sample. The counting procedure can be per- 
formed throughout the entire periphery of the well-de- 
fined zone of the tube, or it can be performed throughout 
only a portion of the periphery of the aforesaid zone of 
the tube. When the latter approach is taken, the number 
of cancer cells in the sample can be extrapolated by 
solving the formula: 

C= N{360°/d) + V: 

wherein "C" Is the resultant cell concentration; "N" Is the 
number of target cells counted; "d" is the degree of ro- 
tation of the tube which was examined for target cells 
divided by "V" which is the volume of the sampling tube. 
The cell enumerating can be performed by means of a 
photometric counter, or can be done visually. The pho- 
tometric approach can use a combination of epitopic la- 
bels which will differentially highlight either cancer and/ 
or hematologic progenitor cells or other non-cancer 
cells. In this manner the highlighted and/or non-high- 
lighted cells will be counted. The morphometric analysis 
can also be performed photometrically. The visual ap- 
proach can use a morphometric stain such as acridine 
orange or the other morphometric stains Identified 
above. 

[0053] Advantages of the "QBC" technique and appa- 
ratus to diagnose and enumerate cancer cells in circu- 
lating blood over the FACS and molecular techniques 
include: 1) the relatively short period of time needed to 
perform the blood analysis; 2) the fact that the system 
can be integrated into standard laboratory equipment 
that all pathologists are capable of using without exten- 
sive training; 3) unfixed cells can be examined in a fluid 
medium so as to eliminate fixation artifacts; 4) only a 
relatively small blood volume is needed to perform the 
analysis; 5) the technique is equally sensitive as the mo- 
lecular technique in that one cancer cell can be detected 
in a sample containing 10^-10^ normal nucleated cells; 
6) the fact that the "QBC" technique utilizes a closed 
sampling and analysis system so as to eliminate cross 
contamination, which is a major problem in the molecu- 
lar procedure; 7) the elimination of cellular contamina- 
tion due to contaminating floating cells in fixation stains 
which are used in routine cytologlcal procedures; and 
8) the analysis of this invention is safer for the techni- 
cians performing the analysis since they will not be ex- 
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posed to the blood sample being analyzed. 
[0054] The specific insert and tube shown in the draw- 
ings are cylindrical; however, they could also be made 
polygonal. The only limiting factor regarding the trans- 
verse configurations of the tube and Insert is that they 
be complimentary with each other. The analysis of the 
blood sample Is made under suitable magnification by 
a microscopical Instrument, preferably equipped with a 
CCD camera. The gap formed In the tube between the 
tube and the insert is transversely sized so that individ- 
ual target cells can be isolated and can be readily dis- 
cerned, enumerated and morphometrlcally analyzed 
within the gap. The transverse thickness of the gap is 
also within the focal operating range of the microscopi- 
cal instrument being used to analyze the gap. 
[0055] It will be appreciated that the method of this 
Invention, In Its broadest sense, involves detecting the 
presence or absence of individual circulating target nu- 
cleated cells in a centrifuged sample of anticoagulated 
whole blood contained in a tube that also contains a gen- 
erally cylindrical insert. The insert forms a well-defined 
annular zone in the tube. The blood sample is combined 
with one or more epitope-speclfic labeling agents that 
are operative to produce a characteristic signal result 
on target nucleated cells, which result can include no 
signal at all, and which result defines the presence or 
absence of one or more epitopes on the target nucleated 
cells. The blood sample is also combined with a colorant 
which is operable to clarify cell morphology in all nucle- 
ated cells in the blood sample. Circulating nucleated 
cells are thus identified by cell morphology, and all iden- 
tified nucleated cells which by reason of their morphol- 
ogy may be target cells are further characterized as tar- 
get or non-target cells epitopically. By way of further ex- 
planation, assume that a specific combination of 
epitopes "A" and "B" is characteristic of a target cell, but 
not characteristic of other cells In the blood sample. The 
presence or absence of only one of these epitopes: or 
the presence or absence of both of these epitopes could 
be characteristic of the target cell. Thus, any one of four 
different respective epitope-speclfic labeling agent sig- 
nal results of: A and no B; B and no A; both A and B; or 
no A and no B, could be uised to characterize the target 
cell. The identifying and characterizing steps can be per- 
formed in situ in the tube. Obviously, more, or less, than 
two different epitopes could be employed In the charac- 
terization of target cells. 

[0056] Since many changes and variations of the dis- 
closed embodiment of the Invention may be made with- 
out departing from the inventive concept, It Is not Intend- 
ed to limit the invention othenvise than as required by 
the appended claims. 



Claims 

1 . A method for detecting cancer cells and/or hemato- 
logic progenitor cells in a sample of anticoagulated 



whole blood, said method comprising the steps of: 

a) providing a sample of anticoagulated whole 
blood containing an epitoptc cell labeling agent 

5 operable to differentiate cancer cells and/or he- 

matologic progenitor cells from other nucleated 
cells In the sample, said sample being, con- 
tained in a transparent tube which also contains 
an insert creating a well-defined gap between 

10 the tube and the insert; 

b) centrif uglng the sample of blood In the tube 
so as to gravimetrically separate the blood 
sample into its constituent components by den- 

15 sity; 

c) the Insert of step (a) having such a specific 
gravity which causes it to settle Into the centri- 
fuged sample to a degree that any nucleated 

20 cells to be detected will be layered out in said 

gap; 

d) examining said gap in order to determine 
whether any epitopically differentiated, cancer 

25 cells and/or hematologic progenitor cells are 

present In said gap. 



2. The method of claim 1 , wherein 

the blood sample further contains a stain which is 
30 operable to clarify cell morphology in all nucleated 
cells in the blood sample, 
and wherein the cell morphology of any nucleated 
cells present in the gap after centrifugation thereof 
is examined. 

35 

3. The method of claim 1 or 2, wherein 

any cancer cells and/or hematologic progenitor 
cells which are found to be present In said gap are 
enumerated. 

40 

4. The method of any one of claims 1 to 3, wherein . 
the gap which Is examined, Is the zone vyherein 
platelets In the blood sample have gravitated during 
centrifugation, or a zone adjacent thereto. 

45 

5. The method of any one of claims 1 to 4, wherein 
the blood sample is combined with one or more 
epitope-specific labeling agents operable to differ- 
entiate by epitopically highlighting nucleated epi- 

50 thelial cells which may be present in the blood sam- 
ple, 

the blood sample is combined with a stain operable 
to clarify cell morphology in nucleated cells in the 
blood sample, 

55 any nucleated epithelial cells found in said gap after 
centrifugation are enumerated in situ, 
the cell morphology of any nucleated cells found In 
said gap after centrifugation is examined in situ. 



10 



19 



EP 0 919 812 B1 



20 



said combining steps being performed either before 
or after the blood sample Is placed in the tube, and 
said enumerating and examining steps being per-, 
formed in no particular order. 

6. The method of any one of claims 1 to 4, wherein 
the blood sample is combined with one or more 
epitope-specific labeling agents operable to differ- 
entiate by epitoplcally highlighting hematologic pro- 
genitor cells which may be present in the blood 
sample, 

the blood sample is combined with a stain operable 
to clarify cell morphology in nucleated cells in the 
blood sample, 

any hematologic progenitor cells found in said gap 
after centrifugation are enumerated in situ, 
the cell morphology of any nucleated cells found in 
said gap after centrifugation is examined in situ, 
said combining steps being performed either before 
or after the blood sample is placed in the tube, and 
said enumerating and examining steps being per- 
formed in no particular order. 

7. The method of any one of claims 3 to 6, wherein 
said enumerating and examining steps are per- 
formed with an automated microscopical Instru- 
ment. 

8. The method of claim 7, wherein gap has a trans- 
verse thickness which is essentially equal to a focal 
operating range of the microscopical instrument at 
a predetermined power. 

9. The method of claim 8, wherein said transverse 
thickness Is within a range of ten to one hundred 
mircons. 

10. The method of any one of claims 1 to 9, wherein a 
blood sampling tube is used which contains an ax- 
iaily elongated, generally cylindrical insert which 
forms an annular gap between the tube and the in- 
sert. 



Patentanspruche 

1 . Verfahren zum Nachweis von Krebszellen und/oder 
hamatologischen VorlSuferzellen in einer Probe 
von antikoaguliertem Gesamtblut, aufweisend die 
folgenden Schritte: 

a) Zurverfugungstellen einer Probe von antiko- 
aguliertem Gesamtblut, welches ein epitopi- 
sches Zellehmarkierungsmittel enthalt, das ge- 
elgnet 1st, Krebszellen und/oder hamatologi- 
sche VorlSuferzellen von anderen kernhaltigen 
Zellen in der Probe zu unterscheiden, wobei die 
Probe in einer transparenten RGhre enthalten 



ist, welche auch einen Einsatz enthalt, der ei- 
nen gut definierten Spalt zwischen der Rohre 
und dem Einsatz erzeugt; 

5 b) Zentrlfugleren der Blutprobe in der Rohre, 

um gravimetrisch die Blutprobe In ihre konsti- 
tuierenden Komponenten aufgrund der Dichte 
zutrennen; 

^0 c) der Einsatz aus Schritt a) hat eine derartlge 

speziflsche Dichte, welche bewirkt, dass er bis 
zu einem Grad in der zentrifugierten Probe zum 
Ruhen kommt, dass irgendwelche zu detektie- 
rende kernhaltige Zellen in dem genannten 

^5 Spalt geschichtet sind; 

d) Untersuchen des Spalts, um festzustellenj 
Ob epitopisch differenzierte Krebszellen und/ 
Oder hamatologische Vorlauferzellen in derh 
20 Spalt vorhanden sind. 

2. Verfahren nach Anspruch 1 , bei welchem die Blut- 
probe auBerdem einen Farbstoff enthalt, welcher 
geeignet 1st, die Zellmorphologie aller kernhaltigen 
25 Zellen in der Blutprobe zu verdeutlichen; 

und wobei die Zellmorphologie von Irgendwelchen 
nach Zentrifugation in dem Spalt vorhandenen 
kernhaltigen Zellen untersucht wird. 

30 3. Verfahren nach Anspruch 1 Oder 2. wobei irgend- 
welche Krebszellen und/oder hSmatbloglsche Vor- 
lauferzellen, welche in dem Spalt vorgefunden wer-. 
den, ausgezahit werden. 

35 4. Verfahren nach einem der Anspruche 1 bis 3, wobei 
der Spalt, welche untersucht wird, jene Zone ist, 
bzw. eine dazu benachbarte Zone ist, in welche 
Piattchen in der Blutprobe wShrend der Zentrifuga- 
tion durch Gravitation gelangt sind. 

40 

5. Verfahren nach einem der AnsprQche 1 bis 4, t>el 
welchem 

die Blutprobe mrt einem Oder mehreren Epitop-spe- 
zifischen Markierungsmittein gemischt wird, welche 

45 (s) geeignet sind (ist), durch epitopisches Markie- 
ren kernhaltige Epithelzellen zu differenzieren, wel- 
che in der Blutprobe vorhanden sein konnen, 
die Blutprobe mit einem Farbstoff gemischt wird, 
welcher geeignet ist, die Zellmorphologie kernhalti- 

50 ger Zellen in der Blutprobe zu verdeutlichen, 

. irgendwelche kernhaltige Epithelzellen, welche in 
dem Spalt nach Zentrifugation gefunden werden, in 
situ ausgezahit werden, 

die Zellmorphologie irgendwelcher kernhaltiger 
55 Zellen, welche nach Zentrifugation in dem Spalt ge- 
funden werden, in situ untersucht wird, 
wobei die Schritte des Mischens entweder vor oder 
nachdem die Blutprobe in der Rohre platziert wird, 
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durchgefuhrt werden, und 

die Schrltte des Auszahlens und Untersuchens in 

keiner bestimmten Reihenfolge durchgefuhrt wer- . 

den. 

5 

6. Verfahren nach eihem der Anspruche 1 bis 4, bei 
welchem 

die Blutprobe. mit einem oder mehreren Epltop-spe- 
ziflschen Markierungsmittel gemischt wird, welche 
(s) geeignet sind, durch epitopisches Markleren hS- io 
matologische Vorlauferzellen zu differenzieren, 
welche In der Blutprobe vorhanden sein konnen, 
die Blutprobe mit einem Farbstoff gemischt wird, 
welcher geeignet ist, die Zellmorphologie in kern- 
haltigen Zellen in der Blutprobe zu verdeutlichen, . is 
irgendwelche hamatologische Vorlauferzellen, wel- 
. che In dem Spalt nach Zentrifugation gef unden wer- 
den, in situ ausgezahit werden, 
die Zellmorphologie irgendwelcher kernhaltiger 
Zellen, welche nach Zentrifugation in dem Spalt ge- 20 
funden werden, in situ untersucht wird, 
die Schritte des IVIischens entweder bevor oder 
nachdem die Blutprobe in der Rohre platziert wird, 
durchgefuhrt werden, und 

die Schritte des Auszahlens und Untersuchens in 25 
keiner bestimmten Reihenfolge durchgefuhrt wer- 
den. 

7. Verfahren nach einem der Anspruche 3 bis 6, wobei 

die Schritte des Auszahlens und Untersuchens mit so 
einem automatisierten mikroskopischen Instrument 
durchgefuhrt werden. 

8. Verfahren nach Anspruch 7, wobei der Spalt eine 
Dicke in Querrichtung hat, welche im wesentlichen 35 
gleich einem Fokusbetriebsbereich des mikrosko- 
pischen Instrurrients bei einer vorher bestimmten 
VergrdBerung ist. 

9. Verfahren nach Anspruch 8, bei welchem die Dicke ^0 
in Querrichtung in eiriem Bereich von 1 0 bis 1 00 ^m 

ist. 

10. Verfahren nach einem der Anspruche 1 bis 9, wobei 
eine Biutprobenrohre venwendet wird, welche einen 45 
axial langlicheh. im allgemelnen zylindrischen Eln- 
satz enthait, welcher einen ringfCrmigen Spalt zwl- 
schen der Rdhre und dem Einsatz bildet. 



Revendications 

1. Proc§d6 de detection de cellules canc6reuses et/ 
ou de cellules souches h^matologiques dans un 
6chantillon de sang complet anticoagul6. ledit pro- 55 
c^66 comprenant les stapes de : 

a) preparation d'un ^chantillon de sang complet 



anticoagul6, contenant un agent de marquage 
celiulaire ^pitopique, pouvant diff^rencier des 
cellules canc^reuses et/ou cellules souches 
h^matologiques, d'autres cellules nucl^^es 
dans r^chantillon, ledit ^chantillon §tant pr6> 
sent dans un tube transparent, qui contient 
6galement un insert cr6ant un intervalle bien 
d^fini entre le tube et I'insert ; 

b) centrifugation de I'^chantillon de sang dans 
le tube de mani^re k s6parer par gravim^trie 
r^chantillon sanguin en ses composants cons- 
tituants par density ; 

c) I'insert de l'6tape (a) ayant une masse sp6- 
cifique telle qu'il se place dans I'^chantillon 
centrifuge k un niveau tel que n'importe quelle 
cellule nucieee k d^tecter sera rassembl^e 
dans ledit intervalle ; 

d) examen dudit intervalle afin de determiner si 
des cellules cancereuses et/ou des cellules 
souches hematologiques differenciees de ma- 
niere epitopique, quelconques, sont pr^sentes 
dans ledit intervalle. 

2. Precede selon la revendication 1, dans lequel 
rechantillon sanguin contient en outre, un colorant, 
qui peut fonctionner pour clarifier la morphologie 
celiulaire de toutes les cellules nucieees dans 
rechantillon sanguin, 

et dans lequel la morphologie celiulaire de n'importe . 
quelle cellule nucieee dans {'intervalle aprds centri- 
fugation est examinee. 

3. Precede selon la revendication 1 ou 2, dans lequel 
n'importe quelle cellule cancereuse et/ou cellule 
souche hematologique, que Ton trouve dans ledit 
intervalle, est enumeree. 

4. Precede selon Tune quelconque des revendications 
1^3, dans lequel I'intervalle qui est examine, est 
la zone dans laquelte les plaquettes de rechantillon 
sanguin se sont rassembiees pendant la centrifu- 
gation. ou une zone adjacente k celle-ci. 

5. Precede selon Tune quelconque des revendications 
1 k 4, dans lequel rechantillon sanguin est combirie 
a un ou plusieurs agents de marquage specifiques 
d'epitope, pouvant differencier par marquage epito- 

. pique, des cellules epitheiiales nucieees, qui peu- 
vent etre presentes dans I'echantillon sanguin, 
rechantillon sanguin est combine k un colorant pou- 
vant fonctionner pour clarifier la morphologie celiu- 
laire des cellules nucieees dans rechantillon san- 
guin, 

on enumere n'importe quelle cellule epitheiiale nu- 
cieee trouvee dans ledit intervalle apres centrifuga- 
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tion, in situ, 

la morphologie ceflulaire de n'importe quelle cellule 
nucl66e trouv^e dans led it intervalle apr§s centrifu- 
gatlon. est examinee in situ, 
lesdites stapes de combiner ^tant r6alis6es avant s 
ou apr^s que Techantillon sanguin ait ^t^ plac6 
dans le tube, et 

lesdites 6tapes d'6num6ration et d'examen n'6tant 
pas r^alis^es selon un ordre particulier. 

10 

6. Proc6d6 selon Tune quelconque des revendications 
1 k 4. dans lequel I'^chantillon sanguin est combing 
k un ou plusieurs agents de marquage sp^cifiques 
d'6pitope, pouvant dlff6rencier par marquage 6pito- 
pique, des cellules souches h6matologiques, qui is 
peuvent §tre pr6sentes dans i'^chantillon sanguin, 

. r6chantillon sanguin est combine k un colorant pou- 
vant fonctlonner pour clarif ier la morphologie cellu- 
lalre des cellules nucl^^es dans I'^chantiilon san- 
guin, 20 
on 6num6re n'importe quelle cellule souche h6ma- 
tologique trouv6e dans ledit intervalle apr6s centri- 
fugatlon, In situ, 

la morphologie cellulaire de n'importe quelle cellule 
nucl§6e trouv^e dans ledit intervalle apr^s centrifu- 25 
gation, est examinee In situ, 
lesdites 6tapes de combiner 6tant r6alis6es avant 
ou apr^s que r^chantillon sanguin ait 4t^ plac4 
dans le tube, et 

lesdites 6tapes d'6num6ration et d'examen n'6tant so 
. pas r6aiis§es selon un ordre particulier. 

7. Proc6d6 sejon I'une quelconque des revendications 
3^6, dans lequel lesdites 6tapes d'6num6ration et 
d'examen sont r6alis6es avec un instrument mi- 35 
croscoplque automatism. 

8. Proc6d6 selon la revendlcation 7, dans lequel I'in- 
tervalle a une 6paisseur transversale qui est essen- 
tiellement6gale^une amplitude defonctionnement 40 
focal de I'instrument microscopique k une puissan- 
ce pr6d6termin6e. 

9. Proc6d6 selon la revendlcation 8, dans lequel ladite 
^paisseur transversale se situe dans un intervalle 
allant de lOJi 100 ^m. 

1 0. Proc4d6 selon I'une quelconque des revendications 
1^9, dans lequel un tube d'6chantlllonnage san- 
guin est utilise, lequel contient un Insert axialement so 
allonge, g^n^ralement cylindrlque, qui formie un in- 
tervalle annulaire entre le tube et I'insert. 
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FIG, 9 
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Description 

Field of the Invention 

5 [0001] The present invention relates to apparatus and methods for separating, immobilizing, and quantifying biolog- 
ical substances from within a fluid medium. More particularly, the invention relates to conducting observations of bio- 
logical substances by employing a high internal gradient magnetic capture structure formed within a vessel, in con- 
junction with an externally-applied force for transporting magnetically responsive material toward the capture structure. 
The present invention is also useful in conducting quantitative analysis and sample preparation in conjunction with 

10 automated cell enumeration techniques. 

Background of the Invention 

[0002] A magnetic material or magnetic dipole will move in a magnetic field gradient in the direction of increasing 

15 highest magnetic field strength. Magnetic gradients employed in fluid separations are broadly divided Into two catego- 
ries. Internal magnetic gradients are formed by Inducing a magnetization In a susceptible material placed in the interior 
of a separation vessel. External gradients are formed by an externally positioned magnetic circuit. 
[0003] In the case of a simple rectangular bar magnet, field lines which form magnetic circuits conventionally move 
from North to South and are easily visualized with iron filings. From this familiar experiment in elementary physics it 

20 will be recalled that there is greater intensity of field lines nearest the poles. At the poles, the edges formed with the 
sides and faces of the bar will display an even greater density or gradient. Thus, a steel ball placed near a bar magnet 
is first attracted to the nearest pole and next moves to the region of highest field strength, typically the closest edge. 
For magnetic circuits, any configuration which promotes increased or decreased density of field lines will generate a 
gradient. Opposing magnet designs, such as N-S-N-S quadrupole arrangements having opposing North poles and 

25 opposing South poles, generate radial magnetic gradients. 

[0004] Internal high gradient magnetic separators have been employed for nearly 50 years for removing weakly 
magnetic materials from slurries such as in the kaolin industry or for removing nanosized magnetic materials from . 
solution. In an internal high gradient magnetic separator, a separation vessel is positioned in a uniform magnetic vessel. 
A. ferromagnetic structure Is positioned within the vessel in order to distort the magnetic field and to generate an "in- 

30 ternal" gradient in the field. Typically, magnetic grade stainless steel wool is packed in a column which is then placed 
in a uniform magnetic field which induces gradients on the steel wool as in U.S. Patent No. 3,676,337 to Kolm. Gradients 
as high as 200 kGauss/cm are easily achieved. The magnitude of the field gradient in the vicinity of a wire is inversely 
related to the wire diameter. The spatial extent of the high gradient region is proportionally related to the diameter of 
the wire. As will be detailed below, collection of magnetic material takes place along the sides of the wire, perpendicular 

35 to the applied magnet field lines, but not on the sides tangent to the applied field. In using such a system, material to 
be separated is passed through the resulting magnetic "filter". Then, the collected material Is washed, and the vessel 
is moved to a position outside the applied field, so that magnetic can be removed, making the collector ready for reuse. 
[0005] Table I below indicates the magnitude of a magnetic gradient as a function of distance R, from the center of 
a ferromagnetic wire for round wires of different diameters. The gradients are determined by Maxwell's equations, 

^0 which produce.equations I and II for the strength of the magnetic field about the wires and the gradient of the field. The 
equations give the magnitude of these quantities when the wire has an internal magnetization per unit volume of M. If 
the wires are composed of "soft" ferromagnetic materials, the magnetization depends on the value, Bgxt . of an externally 
applied field. For any value of M, even for a hard ferromagnetic material with constant, uniform magnetization, the 
dependence on the distance and wire diameter are as shown. The gradient values listed In Table 1 assume a typical 

^5 wire magnetization such that 4 tc M = 10 klloGauss (kG). a value close to that of a rare earth magnetic alloy. Table 1 
demonstrates that for a narrower wire, the field gradient at the surface of the wire is larger than for thicker wires, 
although the magnitude of the gradient falls off much more rapidly with distance from the wire. 



Table I 



Diameter of wire 




0.2 Jim 


2.0 ^m 


20 |iim 


200 ^m 


2000 ^m 


Distance from wire 
center (R) 


grad B (kG/cm) 


grad B (kG/cm) 


grad B (kG/cm) 


grad B (kG/cm) 


grad B (kG/cm) 


0.1 |im 


600,000 










0.2 Jim 


75,000 











2 



EP 0 920 627 B1 



Table I (continued) 



5 



15 



Diameter Of wire 




0.2 fim 


2.0 ^m 


20 Jim 


200 urn 


2000 ^im 


0.5^101 


4,800 


— 


— 




— 


1.0 fim 


600 


60,000 


— 


— 


— 


2.0 iim 


75 


7,500 




-- 


~ 


5.0 


4.8 


480 




- 


-- 


10.0 


0.6 


60 


6,000 




-- 


20.0 


0.075 


7.5 


750 


— 


— 


50.0 


0.0048 


0.48 


48 






0.10 mm 


0.0006 


0.06 


6.0 


600 




0.20 mm 


0.000075 


0.0075 


0.75 


75 




0.50 mm 


0.0000048 


0.00048 


0.048 


4.8 




1 .0 mm 




0.00006 


0.006 


0.6 


60 


2.0 mm 






0.00075 


0.075 


7.5 


5.0 mm 






0.000048 


0.0048 


0.48 . 



Bint = (Bext(H-1))D^]/[4(H + 1)R^] = 27cMD2/4R2 (I) 



grad Bj^, = ( B^xt - 1) D^] / [4 (ji + 1) R^] = 2 tc M D^/ 4R^ (11) 

30 . 

where D = the diameter of a circular wire 

R = the distance from the center of the wire 

M = the wire magnetization 

[I = the magnetic permeability of the wire 

B ext = the magnitude of the external field perpendicular to the wire 

B = the magnitude of the resultant internal field contribution 

grad B = the magnitude of the resultant internal field gradient 

[0006] A method and apparatus for separating cells and other fragile particles are described by Graham, et al In U. 
S. Patent No. 4,664,796. The apparatus contains a rectarigular chamber within a cylinder. One pair of opposing sides 

of the chamber are made of non-magnetic material, while the other sides are made of magnetic material. The flow 
chamber is packed with a magnetically responsive interstitial separation matrix of steel wool. The material to be sep- 
arated is run through the chamber, which is positioned in a uniform magnetic field. During separation, the chamber is 
aligned in the magnetic field such that the magnetic sides of the chamber are parallel to the applied field lines, thus 
Inducing high gradients about the Interstitial matrix in the chamber. When the chamber Is in this position, magnetically 
labeled cells are attracted to the matrix and held thereon, while the non-magnetic components are eluted. The chamber 
is then rotated, so that the magnetic sides face magnets, which "shunts" or "short-circuits" the magnetic field, reclines 
the gradients in the flow chamber, and allows the particles of interest to be removed by the shearing force of the fluid flow. 
[0007] Other internal magnetic separation devices are known. Commonly owned U.S. Patent No. 5,200,084 teaches 
the use of thin ferromagnetic wires to collect magnetically labeled cells from solution. U.S. Patent No. 5.411.863 to 
^ Miltenyi teaches the use of coated steel wool, or other magnetically susceptible material to separate cells. U.S. patent 
application 08/424,271 by Liberti and Wang teaches an internal HGMS device useful for immobilization, observation, 
and performance of sequential reactions on cells. 

[0008] Ahn C.H. et aL (Proceeding of the workshop on micro electro mechanical systems (MEM, OlSO, Jan. 25-28, 
1 994, p. 91 -96) describes an apparatus in which microscopic electromagnets are positioned in very small flowthrough 
systems which are capable of separating particles In a flow of fluid as it passes through the system. The particles are 
clumped at the pole positions of electromagnets positioned along the walls of channels formed in a substrate. 
[0009] WO 94/1 1 078 discloses a magnetic Immobilization device in which magnetically-responsive entitles are col- 
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lected along a ferromagnetic capture structure positioned within the interior of a vessel, such as a suspended wire 
between the end walls of a chamber, or a wire or metallic wedge situated along a side wall of a chamber. In this system, 
magnetic entities are collected along the edge of the collecting wire or wedge in the interior of the chamber. In order 
to view the collected entities, it is necessary for the fluid to be non-obscuring because the collected species are posl- 

5 tioned at a depth within the chamber and away from the top of the chamber. 

[0010] External gradient magnetic separators are also known for collecting magnetically responsive particles. Exter- 
nal devices are so-named because in such devices, a high gradient magnetic field is produced by a suitable configu- 
ration of magnets positioned external to the separation vessel, rather than by an internal magnetic structure. A standard 
bar magnet, for example, produces a gradient because the magnetic field lines follow non-linear paths and "fan out" 

10 or bulge along respective paths from North to South. Typical gradients of about 0.1 to 1 .5 kGauss/cm are produced 
by high quality laboratory magnets. These relatively low gradients can be increased by configuring a magnetic circuit 
to compress or expand the field line density. For example, a second bar magnet positioned in opposition to a first 
magnet causes repulsion between the two magnets. The number of field lines remains the same, but they become 
compressed as the two magnets are moved closer together. Thus, an increased gradient results. Adding magnets of 

15 opposing field to this dipole configuration to form a quadrupole further increases the extent of the high gradient region. 
Other configurations, such as adjacent magnets of opposing fields, can be employed to create gradients higher than 
those caused by a bar magnet of equivalent strength. Another method of increasing gradients in external field devices 
• is to vary the shapes of the pole faces or pole pieces. For example, a magnet having a pointed face causes an increased 
gradient relative to a magnet having a flat pole face. 

20 [0011] U.S. Patent No. 3.326,374 toJones and U.S. Patent No. 3,608,71 8 to Aubrey describe typical external gradient 
separators. Dipole configured separators for preventing scale and lime build up in water systems are described in U. 
S. Patent No. 3,228,878 to Moody and U.S. Patent No. 4,946,590 to Herzog. Adjacent magnets of opposing polarity 
have been used in drum or rotor separators for the separation of ferrous and non-ferrous scrap, as described in. U.S. 
Patent No. 4,869,811 to Wolanski et al. and U.S. Patent No. 4,069,145 to Somrner et al. 

25 [0012] External gradient devices have also been used in the fields of cell separation and Immunoassay. U.S. Patent 
Nos. 3,970,518 and 4,018,886 to Giaever describe the use of small magnetic particles to separate cells using an 
actuating coil. Dynal Corp. (Osio, Norway) produces separators employing simple external magnetic fields to separate 
carrier beads for various types of cell separations. Commonly owned U.S. Patent Nos. 5,466,574 and 5,541,072 dis- 
close the use of external fields to separate cells for solution to form a monolayer of cells or other biological components 

30 on the wall of a separation vessel. Resuspensibn and recovery of the collected material usually requires removal of 
the collection vessel frorh the gradient field and some level of physical agitation. Turning now to the magnetic particles 
used in such collection devices, superparamagnetic materials have in the last 20 years become the backbone of mag- 
netic separations technology in a variety of healthcare and bloprocessing applications. Such materials, ranging in size 
from 25 nm to 100 fim, have the property that they are only magnetic when placed in a magnetic field. Once the field 

35 Is removed, they cease to be magnetic and can be redispersed into suspension. The basis for superparamagnetic 
behavior is that such materials contain magnetic cores smaller than 20-25 nm in diameter, which is estimated to be 
less than the size of a magnetic domain. A magnetic domain is the smallest volume for a permanent magnetic dipole 
to exist. Magnetically responsive particles can be formed about one or more such cores. The magnetic material of 
choice is magnetite, although other transition element oxides and mixtures thereof can be used. 

40 [0013] Magnetic particles of the type described above have been used for various applications, particularly in health 
care, e.g. immunoassay, cell separation and molecular biology. Particles ranging from 2 nm to 5 nm are available from 
Dynal. These particles are composed of spherical polymeric materials into which magnetic crystallites have been de- 
posited. These particles tjecause of their magnetite content and size, are readily separated in relatively low external 
gradients (0.5 to 2 kGauss/cm). Another similar class of materials are particles manufactured by Rhone Poulenc which 

^5 typically are produced in the 0.75 \im range. Because of their size, they separate more slowly than the Dynal beads 
in equivalent gradients. Another class of material is available from Advanced Magnetics. These particles are basically 
clusters of magnetite crystals, about 1 ^im in size, which are coated with amino polymer silane to which bioreceptors 
can be coupled. These highly magnetic materials are. easily separated in gradients as low as 0.5 kGauss/cm. Due to 
their size.. both the Advanced Magnetics and Rhone Poulenc materials remain suspended in solution for hours at a time. 

50 [0014] There is a class of magnetic material which has been applied to bioseparations which have characteristics 
which place them in a distinct category from those described above. These are nanosized colloids (see U.S. Patent 
Nos. 4,452,773 to Molday; 4,795,698 to Owen, et al; 4,965,007 to Yudelson; 5,51 2,332 to LIberti & Piccoli; 5,597,531 
to Liberti, et al and U.S. Patent Application 08/482,448 to Liberti, et al). They are typically composed of single to multi 
crystal agglomerates of magnetite coated with polymeric material which make them aqueous compatible. Individual 

55 crystals range in size from 8 to 15 nm. The coatings of these materials have sufficient interaction with solvent water 
to keep them permanently in a colloidal suspension. Typically, well coated materials below 1 50 nm will show no evidence 
of settling for as long as 6 months. These materials have substantially all the properties of ferrofluids. 
[0015] . Because of the small particle size and strong interaction with solvent water, substantial magnetic gradients 
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are required to separate ferrofluids. It had been customary in the literature to use steel wool column arrangements 
described above which generate 100-200 kGauss/cm gradients. However, It was subsequently observed that such 
materials form "chains" (like beads on a string) in magnetic fields, thus allowing separation in gradient fields as low as 
5 or 1 0 kGauss/cm. This observation led to development of separation devices using large gauge wires which generate 

5 relatively low gradients. Large gauge wires can be used to cause ferrofluids to produce uniform layers upon collection. 
By controlling amounts of ferrofluld in a system, a monolayer can be formed. Magnetically labeled cells can thus be 
made to form monolayers as described in commonly owned U.S. Patent Nos. 5,186,827 and 5,466,574. 
[001 6] Analysis of the cellular composition of bodily fluids is used in the diagnosis of a variety of diseases. Microscopic 
examination of cells smeared or deposited on slides and stained by Romanowsky or cytochemical means has been 

10 the traditional method for cell analysis. Introduction of impedance based cell counters in the late 1950s has led to a 
major advance in the accuracy of cell enumeration and cell differentiation. Since then, various other technologies have 
been introduced for cell enumeration and differentiation such as Fluorescence Activated Flowcytometry, Quantitative 
Buffy Coat Analysis, Volumetric Capillary Cytometry and Laser Scanning Cytometry Fluorescence based flowcytom- 
etry has improved the ability to discern different cell types In heterogeneous cell mixtures. Simultaneous assessment 

15 of multiple parameters of individual cells which pass a measurement orifice at a speed of up to 1,000 to 10,000 celts/ 
sec is a powerful technology However, there are limitations of the technology, such as an inability to analyze high cell 
concentration requiring dilution of blood, impracticability of detecting of Infrequent or rare cells, and an inability to 
reexamine cells of interest. To overcome these limitations, clinical samples are typically subjected to various enrichment 
techniques such as erythrocyte lysis, density separation, immunospecific selection or depletion of cell populations prior 

20 to analysis by flowcytometry. 

[001 7] Many bioanalytlcal techniques involve Identification iand separation of target entities such as cells or microbes 
within a fluid medium such as bodily fluids, culture fluids or samples from the environment. It is also often desirable to 
maintain the target entity intact and/or viable upon separation in order to analyze, identify, or characterize the target 
entities. For example, to measure the absolute and relative number of cells in a specific subset of leukocytes in blood, 

25 a blood sample is drawn and incubated with a probe, for example a fluorescentiy labeled antibody specific for this 
subset. The sample is then diluted with a lysing buffer, optionally including a fixative solution, and the dilute sample is 
analyzed by flow cytometry. This procedure for analysis can be applied to many different antigens. However, the draw- 
backs to this procedure become apparent when large samples are required for relatively rare event analyses. In those 
situations, the time needed for the flow cytometer to analyze these samples becomes extremely long, making the 

30 analysis no longer feasible due to economic concerns. 

[0018] One system which attempted to overcome some of the problems with flow cytometers was the so-called 
"Cytodisk," described in 1985 by DeGrooth, Geerken & Greve (Cytometry. 6: 226-233 (1985)). The authors describe, 
a method of aligning cells in the grooves of a gramophone disk. The disk with dried cells was placed on a record player, 
and the arm of the record player was outfitted with an optical fiber immediately behind the needle. The needle kept the 

35 optical fiber aligned with the grooves in the record. The unicellular algae cells (3 microns in diameter) used in the 
reported experiment remained In the bottom of the groove, awaiting analysis by the optical system. The advantages 
of the Cytodisk included that cells could be subjected to multiparameter measurement with no optical cross-talk, indi- 
vidual cells could be indexed to said measurements, and cells could be measured repeatedly at different levels of 
analytical resolution. However, the system required that the cells be dried upon the gramophone record, a nonhomo- 

40 geneous process damaging to many cells. Even if cells were effectively dried upon the record for analysis, they would 
be dead cells. The current invention seeks to combine some of the benefits provided by the Cytodisk, including multi- 
parameter measurement, indexing, and repeated measurement with new features which allow analysis of intact cells, 
which can be released for culturing or other re-use, including infusion back into a living organism. 

45 SUMMARY OF THE INVENTION 

[0019] This invention relates to the immobilization of microscopic entities, including biological entities, such as cells 
which enables separation of such entities from a fluid medium, including whole blood, into a defined region in a collection 
chamber, such that analysis by automated means is possible. This invention also provides for the quantitative collection 
50 of magnetically labeled target entities, such that microliter quantities of sample can be used to detect target entities, 
including those entities which occur at low frequencies. 

[0020] In a preferred embodiment of the invention, a collection vessel is provided in which ferromagnetic lines are 
supported by adhesion along a transparent wall. The lines have effective diameters of 0.1 ^im to 30 ^im, resulting in 
immobilization and alignment of magnetically labeled biological materials in an ordered array. In a particularly preferred 
55 embodiment of the invention, human blood cells are aligned for automated analysis. 

[0021] The methods of the invention employ dual forces for collecting particles. In one embodiment, target material 
is brought into range of the internal high gradient region by gravity. In another embodiment, a single applied magnetic 
field serves dual purposes. The applied field comprises a first, external magnetic gradient which moves magnetically 
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responsive particles to a region of a collection vessel. At the same time, the applied field induces magnetization in a 
ferromagnetic collection structure, thereby adding a second, internal gradient which further acts upon the magnetically 
responsive particles to move them into defined region of. the collection vessel for analysis. The vessel may be oriented 
such that the external gradient acts in opposition to. or in conjunction with, the influence of gravity upon the target 
5 material. 

[0022] The methods of the invention have utility in the separation of biological entities which include a wide variety 
of substances of biological origins including cells, both eukaryotic (e.g. leukocytes, erythrocytes, platelets, epithelial 
cells, mesenchymal cells, or fungi) and prokaryotic (e.g. bacteria, protozoa or mycoplasma), viruses, cell components, 
such as organelles, vesicles, endosomes. lysosomal packages or nuclei, as well as molecules (e.g. proteins) and 

10 macromolecules (e.g. nucleic acids - RNA and DNA). The biological entities of interest may be present in at least 
samples or specimens of varying origins, including, biological fluids such as whole blood, serum, plasma, bone marrow, 
sputum, urine, cerebrospinal fluid, amniotic fluid or lavage fluids, as well as tissue homogenates, disaggregated tissue, 
or cell culture medium. They may also be present in material not having a clinical source, such as sludge, slurries, 
water (e.g. ground water or streams), food products or other sources. The method of the invention also has utility in 

15 the separation of various bacteria and parasites from fecal matter, urine, or other sources. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

20 

FIG. 1 Is an exploded perspective view of a separation vessel according to one embodiment of the invention; 
FIG. 2 is an enlarged perspective view of a ferromagnetic grid disposed in the separation vessel of FIG. 1; 
FIG. 3 is a side elevational view of an arrangement for viewing collected cells in the separation vessel of FIG. 1; 
FIGS. 4A and 4B are photographs of cells collected in the arrangement of FIG. 3 under alternate methods of 
25 illumination; 

FIG. 5A Is a perspective view of an alternative embodiment of a separation vessel containing a ferromagnetic 

capture structure according to the present invention; 

FIG. 5B is a sectional view of the separation vessel taken along the line 5B-5B of FIG. 5A; 

FIG. 6 Is a schematic diagram of the separation vessel of FIG. 5A positioned in a relatively homogenous horizontal 

30 external magnetic field; 

. FIG. 7 is a computer generated diagram of the effect of the applied magnetic field of FIG. 6 upon movement of 
individual magnetically responsive particles disposed throughout the separation vessel. 
FIG. 8 is a schematic diagram of the separation vessel positioned in an applied field having an external gradient; 
FIG. 9 is a computer generated diagram of the path component of numerous magnetically responsive particles in 

35 the separator of FIG. 8 due solely to the external gradient; 

FIG. 10 is a computer generated diagram of the paths followed by magnetically responsive particles in the sepa- 
ration vessel of FIG. 8, taking into account the external gradient, the internal gradient, and gravity; 
FIG. 11 is a schematic diagram an arrangement for automated analysis of collected target entities within a sepa- 
ration vessel of the type shown in FIG. 5A; and 

40 . FIG. 12 is a schematic diagram of a separation vessel for use in performing sequential reactions and analysis 
target material captured therein. 

DETAILED DESCRIPTION OF THE INVENTION 

45 I, General Definitions 

[0024] Unless othenA/ise indicated, terms of general usage throughout the present specification are defined as fol- 
lows. 

[0025] The term "probe" as used herein refers to an antibody or other specific binding substance which contains or 
50 is adapted to include a detectable label. Detectable labels include fluorescent, chemiluminescent and radioactive com- 
pounds, as well as compounds which have distinct or recognizable lightscattering or other optical properties. Detectable 
labels also include those compounds which are only detectable upon binding to the characteristic determinant. 
[0026] The term "ferromagnetic capture structure" as used herein refers to a structure of ferromagnetic material 
which becomes magnetized in the presence of a magnetic field to attract magnetically responsive particles. The capture 
55 structure may be provided in the form of wires, thin strips, lithographically formed strips, or electroplated ferromagnetic 
material supported on or by a wall of a separation vessel. The ferromagnetic material may include iron, nickel, cobalt, 
alloys of the same, alloys of magnetic rare earth elements, or other paramagnetic materials. The term "internal gradient" 
as used herein refers to a magnetic gradient induced by the capture structure when it is placed in a magnetic field. 
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The term "external gradient" refers to a magnetic gradient applied solely by a configuration of magnets or pole pieces, 
external to the separation vessel. Electromagnets can also be used to form magnetic fields useful In the invention. 
[0027] The term "determinant" is used here in a broad sense to denote that portion of the biological entity involved 
in and responsible for selective binding to a specific binding substance, the presence of which is required for selective 
5 binding to occur. The expression "characteristic determinant" is used herein in reference to cells, for example, to signify 
an epitope (or group of epitopes) that serve to identify a particular cell type and distinguish it from other cell types. 
Cell-associated determinants include, for example, components of the cell membrane, such as membrane-bound pro- 
teins or glycoproteins, Including cell surface antigens of either host or viral origin, histocompatibility antigens or mem- 
brane receptors. 

10 [0028] The expression "specific binding substance" as used herein refers to any substance that selectively recog- 
nizes and interacts with the. characteristic determinant on a biological entity of Interest, to substantial exclusion of 
determinants present on biological entities that are not of interest. Among the specific binding substances which may 
be used in affinity binding separations are antibodies, anti-haptens, lectins, peptides, peptide-nucleic acid conjugates, 
nucleic acids, Protein A, Protein G, concanavalin A, soybean agglutinin, hormones and growth factors. The term "an- 

15 tibody" as used herein includes immunoglobulins, monoclonal or polyclonal antibodies, immunoreactive immunoglob- 
ulin fragments, single chain antibodies, and peptides, oligonucleotides or any combination thereof which specifically 
recognize determinants with specificity similar to traditionally generated antibodies. 

[0029] The term "magnetically responsive particles" as used herein refers to magnetic particles of metallic or organo- 
metallic composition, optionally coated with polymer, preferably coated with a polymer of biological origin such as BSA. 

20 The particles may be linked with an antibody or other specific binding substance to allow them to. bind to biological 
entities of interest. Appropriate magnetic material is manufactured by Dynal, Rhone Poulenc, Miltenyi Biotec, Cardinal 
Associates, Bangs Labs. Ferrofluidlcs, and Immunlcon Corp. Also included in the term "magnetically responsive par- 
ticles" is a biological entity-magnetic particle complex, optionally bound to a fluorescent label or other detectable label. 
[0030] The preferred magnetic particles for use in carrying out this invention are particles that behave as true colloids. 

25 Such particles are characterized by their sub-micron particle size, which is generally less than about 200 nanometers 
(nm). and their stability to gravitational separation from solution for extended periods of time. Such small particles 
facilitate observation of the target entities via optical microscopy since the particles are significantly smaller than the 
wavelength range of light. Suitable materials are composed of a crystalline core of superparamagnetic material sur- 
rounded by molecules which may be physically absorbed or covalently attached to the magnetic core and which confer 

30 stabilizing colloidal properties. The size of the colloidal particles is sufficiently small that they do not contain a complete 
magnetic domain, and their Brownian energy exceeds their magnetic moment. As a consequence, North Pole, South 
Pole alignment and subsequent mutual attraction/repulsion of these colloidal magnetic particles does not appear to. 
occur even in moderately strong magnetic fields, contributing to their solution stability. Accordingly, colloidal magnetic 
particles are not readily separable from solution as such even with powerful electromagnets, but instead require a 

35 magnetic gradient to be generated within the test medium in which the particles are suspended in order to achieve 
separation of the discrete particles. Magnetic particles having the above-described properties can be prepared as 
described in U.S. Patent Nos. 4,795,698. 5,512,332 and 5,597,531 . 

n. Gravitationally-Assisted Internal Gradient Immobilization 

40 

[0031] Referring now to FIG. 1 , there is shown an exploded view of a separation vessel 10 according to a first em- 
bodiment of the invention. The vessel 10 comprises a pair of opposed parallel wall members 12 and 14 separated by 
perpendicular walls 16 defining an interior chamber. A ferromagnetic collection structure comprising a plurality of lon- 
gitudinally extensive members Is supported on and by an interior surface of the chamber. For example, a nickel mesh 

45 1 8 is positioned upon the interior surface of the wall 14 and held thereon by an adhesive. 

[0032] A portion of the mesh 18 is shown in FIG. 2. The mesh is formed by electroplating techniques, so that there 
are no intenwoven or overlapping intersections that would undesirably entrap non-target substances by capillary at- 
traction. Suitable meshes include nickel grids used in electron microscopy and are sold by Polysciences, Inc. of War- 
rington, Pennsylvania (for example, catalog # 8424N). The mesh comprises a plurality of longitudinal members 18a 

50 joined to cross members 1 8b forming a grid for mechanical support. The separation between the longitudinal members 
18a should be at least twice the diameter of the particles desired to be collected. When the vessel 1 0 is positioned in 
a magnetic field transverse to the longitudinal members 18a, magnetically-labeled target material will be captured 
along both sides of each of the longitudinal members 18a. In order to form a monolayered linear array of the target 
particles along the interior surface of the wall 14 supporting the mesh 18, the height of the longitudinal members 18a 

55 should be no greater than the average diameter of the target entities. The number of target entities that may be captured 
in the vessel 10 is equal to twice the total length of the longitudinal members 18a divided by the average diameter of 
the target particles. The ferromagnetic collection structure, and hence the chamber, can thus be sized to permit col- 
lection of substantially all of the target entities expected to be present in a sample of test fluid. 
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EXAMPLE 1 

Leukocyte Differentiation in Whole Blood 

5 [0033] A vessel 1 0 was constructed having longitudinal members 1 8a extending 1 50 mm along a region of the wall 
14 measuring 5 mm by 3 mm. The longitudinal members 18a were 5 ^m in height, 20 \in\ wide, and separated by 63 
^m spaces. The supporting members 18b were 48 ^im wide. The height of the chamber was 0.13 mm, for a chamber 
volume of 2 jil. Hence, for collecting leukocytes, which have an average diameter of 10 p,m, the particle collection 
capacity was 30,000. Such a collection capacity Is sufficient for collecting substantially all leukocytes in the chamber 

10 volume. 

[0034] A test fluid was prepared by adding 0.4 ^g of a 130 nm CD45-labeled ferrofluid, 3 ng of acridine orange, and 
1 0 ng of ethidium bromide to 1 ^il of blood. The test fluid was allowed to incubate for 1 0 minutes, and deposited in the 
vessel 1 0. The vessel was then placed between a pair of magnets 20a and 20b, as shown in FIG. 3, with the mesh 1 8 
positioned at the bottom of the chamber to allow the labeled cells to settle toward the mesh under the influence of 

15 gravity, and then to be aligned along the longitudinal members of the mesh In the internally-generated high gradient 
regions along the longitudinal members. To improve visibility of the captured material, the arrangement shown in FIG. 
3 can then be inverted to allow the non-target material to settle away from the mesh 18. 
■ [0035] Acridine orange is absorbed by the nucleated cells, which will emit green light when excited by blue light (460 
- 500 nm). Under the same illumination, intracytoplasmatic granules of granulocytes will emit red light. Ethidium bromide 

20 is absorbed only by cells having non-intact membranes (i.e. dead cells), and will emit deep red light under blue illumi- 
nation. The optical response of the material in the chamber to blue illumination was viewed through an inverted micro- 
scope 22. The resulting photographic image of FIG. 4A was obtained under a combination of blue illumination (per- 
mitting visibility of the fluorescence emitted from the captured cells) and ambient white illumination (permitting visibility 
of the ferromagnetic mesh). The captured fluorescent cells can easily be distinguished from other blood components. 

25 [0036] Discrimination between cell types can be achieved by detection of selected emission spectra and lightscatter 
properties of the collected cell. It will be apparent to those skilled in the art that probes with various specificities and 
different fluorescence excitation and emission can be used to differentiate between the captured, aligned cells. Also, 
one or more excitation wavelengths can be used to discriminate between the targets, or between the targets and the 
collection structure. For example, FIG. 4B shows the same collected cells under monochromatic blue fluorescent light. 

30 The collection structure Is no longer easily visible, and the collected leukocytes are readily discernible. A standard 
microscope could then be used to observe the cells. 

[0037] This example illustrates the differentiation of two types of cells. In this case, leukocytes were separated from 
other cell types and among the aligned leukocytes, live cells were discriminated from dead cells by the use of dyes. It 
will be apparent to one skilled in the art that any two (or more) cell types can be differentiated using different probes. 

35 For example: fetal nucleated red blood cells from maternal blood, circulating tumor cells (Epcam+ CD45") frdm normal 
nucleated blood cells, platelets (CD41+. PAC-V) from activated platelets (CD41+, PAC-1-^), and various leukocyte sub- 
sets. Important leukocytes subsets found in human blood include CD4+ or CD8+ cells (T-lymphocyte cells); CD56+ 
cells (NK cells); CD1 9+ cells (B-lymphocytes); GDI 4+ cells (monocytes); CD83+ cells (dendritic cells); CD33+, CD66a+ 
or CD64+ cells (granulocytes); CD66a+CD66b+ cells (activated granulocytes); CD34+ cells )progenito4r cells); and 

40 CD90W+ cells (hematopoietic stem cells). 

EXAMPLE 2 

Immunophenotypic Differentiation in Whole Blood 

45 

[0038] A blood sample is incubated with a fluorescent nucleic acid dye and ferrofluid labeled with an antibody directed 
against a cell surface epitope such as, for instance, CD4 expressed on T-helper lymphocytes and monocytes or CD34 
present on progenitor cells. The incubation can take place in or outside the separation vessel. The vessel is then 
introduced into a magnetic field and the cells exhibiting the cell surface antigen recognized by the bioactive ferrofluid 
50 align on both sides of the ferromagnetic lines. Although all nucleated cells are fluorescently labeled, only those which 
are adjacent to the ferromagnetic lines are target cells and will be identified as such by an optical detection system 
arranged to scan for cells along the lines, as described further herein. 

[0039] When the target cell frequency is low, as is the case for progenitor cells in peripheral blood identified by CD34 
in normal donors (1 -1 0 0034+ cells/^l), the likelihood increases that non-target cells present by coincidence along the 
55 ferromagnetic lines will influence the accuracy of the enumeration. The likelihood that non-target cells are present by 
coincidence along a ferromagnetic line, and thus mistakenly enumerated as a target cell, can be reduced by decreasing 
the total length of the ferromagnetic lines. This can be achieved by decreasing the number of ferromagnetic lines in 
the chamber. 
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[0040] An alternative approach is not to use a fluorescent nucleic dye but to use a fluorescent labeled monoclonal 
antibody or other probes directed against the same cell type as the bioactive f errof luid. Preferably this probe is directed 
against a different epitope as the bioactive ferrofluld. In this approach only the target cells are fluorescently labeled 
and identified as such. A drawback of the latter procedure Is, however, that it requires a higher siensitivity of the detection 
5 system. Other labelling strategies include those generally used in flowcytometry and referred to as multi-color and/or 
multidimensional analysis, in this case, a bioactive ferrofluid is used to align the particles of interest along the ferro- 
magnetic lines and a variety of monoclonal antibodies or other antigen specific probes labeled with different fluoro- 
chromes are used to identify different characteristics or populations within the immunomagnetically immobilized par- 
ticles. 

10 

III. External Field-Aided Internal Gradient Immobiiization 

[0041] Separation methods according to a second embodiment of the invention employ both internally-generated 
and externally-applied magnetic gradients for collecting and immobilizing magnetically-responsive target substances. 

15 A non-uniform magnetic field is applied to a separation vessel. The external magnetic gradient moves magnetically 
responsive particles towards a ferromagnetic capture means. The applied magnetic field also induces magnetization 
of a ferromagnetic capture structure supported in the vessel. As the magnetically responsive particles move towards 
the ferromagnetic capture structure, they experience the additional influence of the Internally-generated gradient, and 
are drawn toward the capture structure. If the capture structure is of an appropriate configuration, magnetically respon- 

20 sive particles are immobilized to align along the capture structure, and can be analyzed through a transparent wall of 
a chamber defined by the separation vessel. If the target material is appropriately labeled, fluorescence or light scat- 
tering can be measured through the wall to quantify the amount of target material in the test sample. 
[0042] In a preferred embodiment of the invention, the applied magnetic field impels movement of the magnetically 
responsive particles against the force of gravity, providing an additional means of separation of labeled from unlabeled 

25 particles, thus reducing non-specific collection of particles. 

[0043] Target substances labeled with the magnetically responsive colloidal particles described above can be col- 
lected in a collection vessel 10, shown in FIGS. 5A and 5B. The vessel 10 comprises a tub-shaped carrier member 12 
having a recess formed therein, and a top wall member 14. The wall member 14 is configured to fit into the carrier 
member 1 2 to define a chamber 1 1 bounded by the interior surface of the wall member 1 4 and the interior surfaces of 

30 the carrier member 12. The wall member 14 is formed of a non-magnetic transparent material, such as glass, quartz 
or clear plastic. The carrier member 12 is also formed of a non-magnetic material, and is preferably also transparent. 
[0044] The wall member 14 covers a portion of the recess formed in carrier member 12 to provide orifices 16a and. 
1 6b at opposed longitudinal ends of the chamber 1 1 . The exposed recessed portions 1 8a and 1 8b of the carrier member 
12 provide receptacles into which a drop of test fluid may be placed for analysis; Such a fluid may then flow into the 

35 chamber 1 1 . Entry of fluid into the chamber 1 1 can be enhanced by capillary action, if the chamber is sufficiently narrow. 
Fiducial reference marks (not shown) may be formed or imprinted upon the wall member 14 to provide means for 
measuring the volume of fluid contained within the chamber 11 . 

[0045] A ferromagnetic collection structure is supported by adhesion or fprmed upon the interior surface of the wall 
member 14. in the embodiment shown in FIGS. 5A and 5B, the ferromagnetic collection structure comprises a plurality 
^0 of lithographically-defined ferromagnetic lines 20 formed upon the interior surface of the wall member 1 4. The waits of 
the chamber 11 are optionally coated with a material such as BSA, silicone, or a negatively charged surface coating 
to provide chemically or biologically Inert exposed interior surfaces. It is important to eliminate a buildup of electrostatic 
charge upon the wall surfaces to limit non-specific binding of target particles or free magnetic material to the walls of 
the chamber. 

45 [0046] When the vessel 1 0 is placed into a magnetic field, the ferromagnetic lines 20 will become magnetized. The 
magnetic gradients produced by such lines 20 are comparable to the gradients calculated for a circular wire having 
the same cross-sectional area. The width of the ferromagnetic lines will not affect the monolayering of the particles 
along the magnetic lines, but the width does affect the strength of the magnetic gradient. The gaps between the lines 
20 are preferably at least twice the diameter of the target particles. Optionally, a single line may be used for collection, 

50 [0047] The thickness of the magnetic lines is chosen to be on the order of magnitude of the magnetically responsive 
target entities to be collected, so that the target entities will align along opposite sides 7 of the lines in a monolayer. 
Therefore, the lines 20 may be on the order of thickness of the particles to be collected. Preferably, the lines 20 are 
thinner than the diameter of the entities to be collected. If the entities to be collected are human lymphocytes on the 
order of 10 liim in diameter and the ferromagnetic lines 20 are about 5 ^m thick, the cells will align in a single layer 

55 about 10 jam thick. It is particularly preferred for the magnetic lines to be significantly thinner than the diameter of 
particles to be collected. For example, magnetic lines on the order of 0.25 fim may be used to collect entities of 1 0 ^im 
in diameter. 

[0048] Such thin ferromagnetic lines can be manufactured by methods currently used in the manufacture of computer 
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chips. In such a method, the surface of the wall member Is first coated with a ferromagnetic material by a vapor dep- 
osition technique, such as vacuum evaporation or sputtering. Such a technique provides a layer of metal adhered to 
the eventual Interior surface of the vessel. The combination of ferromagnetic material and the material used to form 
the wall member should be selected to provide sufficient adhesion of the ferromagnetic material to the wall member. 

5 A layer of photosensitive polymer, or photoresist, is then applied to the coated surface of the wall member and exposed 
to a pattern of ultraviolet light corresponding to the desired pattern of the ferromagnetic capture structure (or a negative 
image thereof, depending upon the photoresist employed). The photoresist is then developed to render undesired 
portions of the metal coating susceptible to removal by etching, such as wet chemicdl etching or reactive ion etching. 
Alternatively, the lines may be formed by a lift-off procedure wherein a photoresist pattern is first applied to the wall 
. 10 member and is removed subsequent to deposition of a ferromagnetic coating. 

[0049] Such lithographic methods may be employed to produce a selected pattern of ferromagnetic metallization on 
a single wall member or upon a large-area substrate that is later to be divided into a plurality of wall members. These 
lithographic techniques can be substantially cheaper than the use of electroplating or electroforming, which would be 
used for thicker lines. Thin lines, by their nature, also tend to be smoother than their thicker counterparts. Such con- 

15 sistency Is a by-product of the manufacturing technique. Smoother lines are important, because the induced magnetic 
fields are likewise more consistent. Since such small lines are being used, the strength of the magnetic field will vary 
greatly along a relatively "bumpy" line, which will lead to clumping of the collected magnetic material. Thus, a smoother 
ferromagnetic capture structure and more consistent magnetic fields will result in more evenly spaced magnetic ma- 
terial, facilitating automated examination of the collected material. 

20 [0050] The separation of a magnetically responsive target substance, using the vessel 1 0. shall now be described 
in connection with various magnetic arrangements wherein an exemplary target substance shall be human lymphocytes 
labeled with magnetic particles manufactured as described in U.S. Patent Nos. 4,795,698, 5,51 2,332 and 5,597,531 
and in U.S. Patent Application No. 08/482,448. 

[0051 ] FIG. 6 shows the vessel 1 0 positioned in a substantially uniform magnetic field, shown by field lines 30, created 
25 In a gap between two magnets 21 of opposing polarity. For proper magnetization, the longitudinal axis of the ferromag- 
netic capture structure is oriented perpendicular to the field lines 30. 

[0052] FIG. 7 is a computer-generated diagram illustrating the paths 40 followed by numerous magnetically respon- 
sive particles 41 after the vessel is positioned in a homogeneous magnetic field. Magnetized ferromagnetic lines 20 
with a thickness of 5 \irr\ are shown end-on. A majority of particles in the chamber are unaffected by the internal magnetic 

30 gradients and eventually fall to the bottom of the chamber under the influence of gravity. 

[0053] In the computer simulation employed to produce Fig. 7, all of the particles in the chamber were assumed to 
be magnetically responsive. In an actual separation, the majority of cells will not be magnetically responsive, and will 
thus settle to the bottom of the chamber under the influence of gravity. The relatively few target cells will collect in 
respective linear monolayers along the ferromagnetic lines. 

35 [0054] In order to obtain quantitative information about the target particles, a reproducible and high percentage of 
the particles would desirably be collected by the device. In order to obtain information about relatively rare events, 
such as circulating tumor cells, fetal cells in maternal blood, or hematopoietic stem cells, virtually all target particles 
must be collected. In order to use relatively thin ferromagnetic structures to obtain alignment of the particles, a method 
of "sweeping up" the cells in the chamber is necessary to move the particles into the spatially limited internal high 

40 gradient regions. One way of "sweeping up" particles would be to use a narrow chamber. As indicated in Fig. 7, a 
chamber thickness of just under 1 00 urn is sufficient for 5 ^lm ferromagnetic lines, but this would require a small chamber 
volume, which would limit the opportunity to observe rare species. Using a long chamber to increase volume would 
require a longer ferromagnetic capture structure, and would increase the time needed to search along the capture 
structure for the collected target material. One could alternatively turn the chamber upside-down, such that gravity 

45 would assist to settle all particles upon the wires as described above in connection with the first embodiment. However, 
in fluids having a heterogeneous population dominated by non-target species, magnetically labeled material may not 
be able to move through a thick layer of settled non-target material to reach the ferromagnetic capture structure, re- 
sulting in loss of selectivity and crowding of the detection area. Another approach would be to increase the field strength 
of the magnets, but as shown in formula II, to double the range of the gradient, one would have to increase the external 

50 field strength eight-fold. 

[0055] One method of the instant invention uses a non-uniform applied magnetic field to magnetize the ferromagnetic 
capture structure and also to provide an external gradient perpendicular to the capture structure "sweep up" the mag- 
netically responsive particles not initially located within the influence of the internal magnetic gradients. The applied 
magnetic field preferably supplies an external gradient of sufficient magnitude to transport the cells towards the ferro- 

55 magnetic capture structure where they are then immobilized against the wall adjacent the capture structure by the 
internal magnetic gradient. Attributes of such a field include that it is substantially homogeneous within a plane parallel 
to the ferromagnetic capture structure, and that the field is oriented perpendicular to the horizontal longitudinal axis of 
the structure. Additionally, the field includes a vertical external gradient component that increases in the direction toward 
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the capture structure, and that the external gradient is high enough to transport magnetically-labeled material toward 
the capture structure. A magnetic field which could serve such dual purposes can be produced by various configurations 
of magnets. One advantageous arrangement of external source magnets is shown in FIG. 8. 
[0056] FIG. 8 shows the separation vessel 1 0 positioned at a preferred location relative to a pair of opposed magnetic 
5 poles 23 and 24 having a gap formed therebetween. The lower surfaces of the poles 23 and 24 are tapered toward 
the gap, so that the magnetic field applied to the chamber is non-uniform, and has a substantially vertical gradient 
effective to urge magnetically-responsive particles within the chamber against the force of gravity toward the ferromag- 
netic collection structure on the upper wall. 

[0057] FIG. 9 shows the paths that would be followed by such particles within the chamber in the absence of the 
10 ferromagnetic collection structure. As can be seen, the Influence of the externally-applied gradient is sufficient to move 
the particles substantially vertically toward the upper wall of the chamber. 

[0058] FIG. 1 0 shows the paths followed by particles within the chamber, including the effect thereon caused by the 
presence of a ferromagnetic collection structure comprising lithographically-defined lines having a thickness of 5.0 jim 
and a width of 20 ^im. As can be seen, the externally applied gradient tends to urge particles Initially located in the 
15 lower portion of the chamber to move Into the high gradient regions generated by magnetization of the ferromagnetic 
lines. 

[0059] The precise design parameters for the magnets 23 and 24 shown in FIG. 8 (and shown in connection with an 
automated observation system in FIG. 1 1 ) required to induce a desirably strong internal gradient and to apply a desirably 
strong vertical external gradient, will depend upon application-specific conditions such as the magnetization of the 

20 magnetic particles employed, the mass and size of the target entities, and the viscosity and temperature of the fluid 
medium. Those skilled In the art will be enabled hereby to select appropriate design parameters in view of such con- 
siderations. In experimental conditions such as are described herein, a pair of rare earth magnets (Crucible Magnets; 
Elizabethtown, Kentucky) having an internal magnetization of 1200 gauss and an acute taper angle of 20° separated 
by a distance of 5.0 mm to form a gap through which observations of collected entities could be made. The upper 

25 surface of the separation vessel was positioned 2.0 to 3.0 mm below the gap. Although Fig. 1 0 shows a chamber height 
of 200 ^m, chamber heights of 1 mm have been modeled and actually used to collect and quantify magnetically labeled 
cells. 

[0060] Of course, it is possible to exceed the capacity of the magnetic lines by attempting to collect so much target 
material, that a monolayer of target particles is no longer possible. In which case, the dilution of the test sample or the 

30 use of a larger chamber with a greater linear capacity of the magnetic lines is required. 

[0061] Thus, analysis of the magnetically labeled target material is enabled. Alignment of the target material in a 
monolayer also allows for the analysis to be conducted by automated means, such as mechanical automated cell 
counting technology. The target material can be illuminated through the transparent wall.member and the optical prop- 
erties of the target material can be detected. Optical properties include the direct observation of the target material 

35 and the measurement of adsorbed, scattered or fluorescent light. Optionally, the target material can be analyzed aided 
by the addition of a substrate or other compound. Other compounds include the use of probes which recognize a 
characteristic determinant of the target material, and nuclear, cytoplasmic or membrane dyes. These probes can be 
either inherently fluorescent, fluorescently tagged, or fluorescent only upon binding to the characteristic determinant. 
Differentiation of the target material, i.e.. leukocytes, Is thus possible with a specific binding substance which recognizes 

40 subsets of the target material. 

[0062] Although the above descriptions are exemplified by the collection of leukocytes, it is also possible to Immobilize 
other types of cells in the apparatSus of the invention. For example, platelets can be selected by use of CD41 or CD61 . 
Differentiation into subsets includes an analysis of their activation status (recognition by CD62p or PAC-1 ) or the pres- 
ence of granules (recognition by CD63 or LDS-751). The immobilization of red blood cells is discussed elsewhere in 

45 this specification. 

[0063] A notable advantage of the apparatus and method of the invention is that the ability to provide linearly mon- 
olayered entities presents the opportunity to perform sequential reactions in a rapid and highly efficient manner. Thus, 
not only can the apparatus and method of the invention be used to facilitate cell analysis for the determination of cell 
surface characteristics, e.g., T-Cell, B-Cell Progenitor cells and subset markers thereof, but they can in principle be 
50 applied for the analysis of intracellular components or genes. Such an analysis would be done by first capturing and 
aligning the cells of interest. This step would be followed by a series of sequential flow-by reactions, which would 
permeate the cell membrane, tag entities of Interest and amplify signal on tagged entities. This capability provides a 
distinct advantage over existing cytometric technologies. 
[0064] The following examples further describe aspects of the present invention. 

55 

EXAMPLES 

[0065] A direct coated ferrofluid was prepared according to U.S. patent application 08/482,448. The ferrofluid parti- 



11 



EP 0 920 627 B1 



cles were coated with CD45 antibody, wlilch binds to leukocytes. The ferrofluid was stored in a HEPES buffer, pH 7.5 
atlOO^ig/ml. 

[0066] The target cells were CEM cells at a concentration of 5 x 1 0^ cell/ml. 1 GO ^il of cells were incubated with 1 0-30 
^1 of ferrofluid for ten minutes at room temperature before loading the collection chamber. 

5 [0067] A separation vessel was provided with a chamber haying dimensions of 0.1 mm x 5 mm x 20 mm, for a 
chamber volume of 1 0 ^il. The ferromagnetic capture structure comprised lithographically formed lines of nickel having 
dimensions of approximately 5 jxm thick x 25 ^im wide. The lines were spaced at 1 00 urn intervals. 
[0068] After incubation, approximately 10 ^1 of the magnetically labeled CEM cells were loaded into the collection 
chamber. The interior of the chamber was first observed in the absence of a magnetic field and almost all of the cells 

10 were observed to have settled at the bottom of the chamber. The chamber was then agitated to resuspend the cells. 
Then, the collection chamber was placed into a magnetic field formed by two square rriagnets (such as the magnets 
shows in FIG. 2). The vessel was located in a non-uniform region of the field outside of the substantially uniform field 
directly between the magnets (i.e., at the location 33 shown in FIG. 6). Hence, an external gradient in the vertical 
direction was applied to the chamber to urge the magnetically responsive particles toward the ferromagnetic capture 

15 means. 

[0069] While the collection chamber was positioned in the magnetic field, it was supported upon a microscope stage 
for observation of the cells were through a transparent wall of the chamber Almost all of the target celts were obsen/ed 
to be aligned along the ferromagnetic capture lines in a single layer. Most of the cells were observed to be aligned 
after about ten seconds after the chamber was placed in the magnetic field. After a minute, all discernible cell movement 
20 ceased. 

[0070] In another experiment, the loaded chamber was placed in a substantially homogenous magnetic field as 

indicated by the chamber 10 shown in Fig. 6. Although the magnetized wires collected approximately 50% of the 
magnetically labeled CEM cells, a large number of cells settled to the bottom of the collection chamber. 



25 EXAMPLE 4 

[0071] The experiment of Example 3 was repeated with human whole blood. 100 ^il of whole blood was Incubated 
with 10-30 jil of the CD45 direct labeled ferrofluid described in example 1 . After a ten minute incubation at room tem- 
perature, the collection chamber was loaded with 10 nl of test sample and positioned in the magnet arrangement 

30 described above. A short settling period of one minute was required to allow the non-target red ceils to settle to the 
bottom of the chamber and away from the ferromagnetic capture means to allow observation of the target leukocytes 
cells. Upon microscopic examination, the target cells were seen to be aligned along upon the ferromagnetic capture 
lines. In other experiments with f ludrescently labeled nucleated cells, no settling period was required to distinctly Identify 
the collected target cells (i.e. leukocytes). 

35 [0072] Although this example illustrated the alignment of leukocytes in whole blood, it is possible to further distinguish 
. or differentiate the leukocytes with the addition of probes to the desired subpopulations of leukocytes. As noted in 
example 1 , it will be apparent to one skilled in the art that the method described in this example could be applied to 
numerous types of cell separation and/or differentiation. 

40 EXAMPLE 5 

[0073] The instant invention should also be useful for conducting competitive immunoassays. Proteins, hormones, 
or other blood components may be measured in whole blood using a device similar to that described in connection 
with FIGS. 1A and 1B. Magnetic particles which directly or indirectly bind to the blood components to be analyzed 

45 could be introduced into a blood sample, along with a fluorescent, chemilumlnescent or. other detectable probe, which 
binds directly or indirectly with the component to be analyzed. After the solution containing the blood, magnetically 
responsive particle, and detectable probe has been introduced into the device, the device is placed into a non-uniform 
magnetic field, and oriented such that gravity and the externally applied gradient act together to reinforce each other, 
Instead of acting in opposition. The magnetically labeled protein, hormone, or other blood component will be drawn 

50 down to the magnetic collection structure. The excess detectable probe would remain in solution. The cellular compo- 
nents in the blood would also be drawn down towards the magnetic collection structure due. to gravity. Detection of the 
non-bound detectable probe through fluorescence emission, chemiluminescence, or other means would be possible 
through a transparent wall of the collection device. The probe's signal, such as light emission, from the non-bound 
detectable probe would initially be blocked by cells, such red blood cells. Such celts would eventually settle to form a 

55 layer over the magnetic collection structure(s) to allow unobstructed detection of an emission fluorescence, or light 
scattering probe signal. 
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HI. Automated Optical Analysis of Immobilized Target Entities 

[0074] As noted above in connection with FIG. 6, the fringing field beneath a pair of opposed rectangular cross- 
section magnets is capable of providing the desired vertical external gradient while inducing internal magnetization of 

5 the ferromagnetic collection structure. For microscopic observation of the collected material, wherein the. optical ob- 
servation system Is limited by a finite focal length such as less than 5mm, it is desirable to reduce the vertical distance 
between the top wall of the collection vessel and the top of the magnetic elements providing the field. In general, such 
an objective can be achieved In a magnetic arrangement having two opposing pole faces separated by a gap, wherein 
the pole faces are formed to have tapering surfaces toward the gap, such as shown in FIG. 8. 

10 [0075] Providing a desirably short distance between the top of the magnetic arrangement and the top of the vessel 
permits the use of various automated observation means. Additionally, because target entitles are collected in an 
orderly pattern on the interior surface of a transparent chamber, an automated obsen/ation system can be configured 
to provide relative motion between the vessel and the light gathering elements of the observation system in order to 
"track" the collected target entities for automated enumeration, which can Include spectral analysis of light emitted or 

15 absorbed by the collected targets. 

[0076] One such automated analysis system 100 is shown in FIG. 11. The analysis system 100 comprises optical 
tracking and beam analysis components similar to those employed for reading compact discs known in the audio and 
data storage arts. Briefly, a pair of laser diodes 110 and 112 are connected with a power supply 114 to generate 
respective parallel beams of light. One beam is employed by the analysis system for locating and tracking lines of the 

20 ferromagnetic collection structure. The other beam is used for detecting the presence of collected target entities adja- 
cent to a located line. Relative motion between the optical elements of the analysis system 100 is provided by a me- 
chanical tracking unit 1 1 6. Coordination of the functions of the analysis system 1 GO is provided by a microprocessor 118. 
[0077] Laser 112 generates the tracking beam, which is transmitted through dichroic mirrors 120 and 122, and fo- 
cussed upon the upper interior surface of the separation vessel 1 0 by objective lens 1 24. The tracking beam is reflected 

25 from the interior surface of the separation vessel, and is re-transmitted through dichroic mirrors 122 and 120 toward 
a photodetector 126. Photodetector 126 generates an electric signal in response to receiving the reflected light, which 
is provided to the microprocessor 118. The mechanical tracking unit 116 is operated by the microprocessor 118 to 
move the objective in the presumed direction of thelines of the ferromagnetic collection structure. Microprocessor 118 
is programmed to detect deviations within the electrical signal from photodetector 1 26 to provide a feedback signal to 

30 the mechanical tracking unit 116 for adjusting the position of the objective 124 in a direction perpendiculjar to the lines 
of the ferromagnetic collection structure. 

[0078] As the objective is moved to track the lines of the ferromagnetic collection structure, laser 11 0 is operated to. 
generate a beam of light for detecting the presence of collected target entities. The light from laser 110 is transmitted 
through dichroic mirrors 128 and 122, and is focussed upon the upper interior surface of the collection vessel to form 

35 a spot adjacent to the focal point of the tracking beam. Light reflected by target entities will be transmitted through 
dichroic mirrors 1 22 and 1 28 toward photodetector 1 30. Photodetector 1 30 generates an electrical signal representative 
of the light reflected from the target entities, which is transmitted to microprocessor 118. Microprocessor 118 is pro- 
grammed to monitor variations in the electrical signal from photodetector 1 30, in order to provide an analysis output 
signal, such as a counting signal at an output terminal 132. It will be appreciated that such an output signal can be 

40 further processed to provide information relative to the quantity and respective posltionis of the collected target entities. 
[0079] In alternative embodiments, one laser could be used to illuminate the chamber, instead of two lasers as de- 
picted in the analysis system 1 00. Optionally, the laser could be eliminated entirely and the chamber could be illuminated 
with a light-emitting diode or other light source, including light sources that illuminate the chamber from the sides or 
from below. In other embodiments, spectral analysis components, such as optical filters and gratings, as well as illu- 

45 minating components having various spectral characteristics, can be employed In an automated analysis system for 
conducting spectral analysis of light emitted from the collected entitles as an objective lens of the analysis system is 
moved to track the ferromagnetic collection structure. 

[0080] In some cases, it may be desirable to include means to vibrate the chamber, to prevent magnetic particles 
from being held by friction against the walls of the chamber. Vibrating the chamber has been found to Increase magnetic 
50 separation efficiency under such circumstances. To facilitate vibration, the separation vessel may be mounted on a 
piezoelectric crystal 123 connected to an electric power source for vibrating the chamber at a desired frequency 

IV. Quantitative Determinations of Biological Fluid Components 

55 A. Rare Species Enrichment and Sample Preparation 

[0081] With decreasing frequency of a target population it becomes increasingly more difficult to reliably detect, 
enumerate and examine the target population. Not only is there an increasing demand on the specificity of the identifiers, 
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i.e., probes or. a combination of probes, but tlie need arises for a specific target enrichment technique In addition to 
the need to process larger volumes of the bodily fluid. Table II below Illustrates this by showing the frequencies. of 
various cell populations among the nucleated cells in peripheral blood of normal Individuals. 

5 TABLE II 



Cell Frequency 


Cell Number 


Targets Cells 


1:1-1:10 


1 0,000-1 ,000/hI 


granulocytes, lymphocytes 


1:10-1:102 


1.000-100/^1 


monocytes, eosinophils 


1:102-1:103 


100-10/^1 


basophils 


1:103-1:104 


10-1/jil 


CD34+ cells 


1:10^-1:105 


1, 000-1 00/ml 


CD34+, CD38- cells 


1:105-1:106 


100-10/ml 


tumor cells 


1:106-1:107 


10-1/ml 


tumor cells 


1:107-1:108 


1,000-100/1 


tumor cells 



[0082] For analysis of Infrequent cells, such ais CD34+ cells or a subset thereof, or In case of disease potential 
circulating tumor cells, the amount of blood needed to reliably detect, enumerate and examine the target population 

2Q needs to be substantially larger than 1 ^1. One practical Implication for the analysis of larger blood volumes is a sub- 
stantially longer processing time. For example, for flow cytometric analysis of a 1 ml blood sample the erythrocytes in 
the sample are typically lysed, which is accompanied with a 10 fold dilution of the sample. For a typical sample flow 
rate of 1 jil/sec, the 1 0 ml volume of the lysed sample will thus require 2.78 hours for analysis. The need for enrichment 
of the target population and an increase in its concentration is thus clearly desired. A variety of enrichment methods 

25 can be employed to increase the concentration of the desired target in the sample to be analyzed, so that a sufficient 
number of target entities will be present in the separation vessel to permit detection. Success of these procedures is 
determined by carry over of non targets, recovery of targets, the ability to concentrate the target and the ability to 
accurately analyze the target after the procedure. Introduction Into a separation vessel of a sample from a bodily fluid 
of which targets are concentrated and non targets are reduced, permits enumeration and examination of the target 
population. 

[0083] In one method of sample preparation, an external gradient separator of the type described in U:S. Patent No. 
5,186,827 may be employed. For example, to a vessel containing 10 ml of blood, a bioactive ferrofluid is added vyhich 
identifies cells of epithelial origin. After appropriate incubation, the sample is placed in the external gradient separator. 
After separation, the blood components not magnetically attached to the wall of the vessel are removed while the 
25 desired target substance remains adhered to the wall of the separator. The separated cells can now be resuspended 
into a smaller volume when the separation vessel is removed from the magnetic field. 

[0084] To the resuspended sample, fluorescent labeled probes can be added. After incubation, the sample is again 
placed In an external gradient magnetic separator. After separation, the supernatant (including excess reagents) is 
removed, and the separated cells are resuspended in a volume commensurate with the chamber of a separation vessel 
of the present invention. Assuming the 10 ml of blood contained 10^ cells, a carryover of 0.01% would result in 10"* 
cells, which is within the range of the cell capture capacity of the apparatus of this invention. Given a target cell frequency 
of 1 in 10^ and a capture efficiency of 70%. 7 target cells would be captured, which is sufficient for identification and 
further characterization. The cells which express the antigen targeted by the ferrofluid will align along the ferromagnetic 
lines in addition to other cells which are nonspecifically bound to the ferrofluid. Cells which were captured due to other 
^5 reasons, such as entrapment, will.not align, resulting in a further purification of infrequent cell types. 

[0085] Identification and further characterization of the target cells can be obtained by the differences in the scattered 
and spectrum of the fluorescence light. An additional improvement can be achieved by utilization of a fluorescent form 
of the bioactive ferrofluid. the target cells can then be discriminated from non specifically bound cells by the amount 
of fluorescence emitted by the cells, i.e. the density of the antigen on the cell surface of the target cell is most likely 
different from the density of nonspecifically bound ferrofluid to non target cells. In contrast with flowcytometry the 
Individual targets isolated by means of the present invention can be reexamined, in that an optical detection system 
can be configured to identify and record the location of the target particles of interest. Once the location of the target 
cells has been detected and recorded, the immobilization vessel then can be examined by a more sophisticated optical 
detection system, such as a confocal microscope. 

55 

B. Quantitative Analysis 

[0086] For conducting quantitative analysis of certain cell types, a difficulty arises from having to perform multiple 
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dilutions of tlie original blood sample prior to magnetically capturing the cell type of interest. After having performed 
multiple dilutions, determining the concentration of the captured species relative to the original blood volume requires 
knowledge of the precise dilution ratio and the magnetic capture efficiency. These quantities can be determined by 
adding concentration markers to the original blood sample. 

5 [0087] A first marker, for determining the dilution, comprises a known concentration of distinctly identifiable particles 
that are loaded with sufficient magnetically responsive material to be captured with substantially total efficiency. The 
second marker, for determining the magnetic capture efficiency of the target cells, comprises a known concentration 
of distinctly identifiable particles that are loaded with approximately the same quantity of magnetically-responsive ma- 
terial as the target cell. The second marker can comprise magnetically responsive beads that have been formed with 

10 sufficient magnetic material to have a magnetic moment substantially equal to that of the ferrofluid-labeied target en- 
tities, arid similar fluid transport behavior. Alternatively, the second marker may comprise magnetically inert bodies that 
are coated with a binding substance having substantially the same number of binding sites and binding affinity as the 
target cells. Other techniques can be used to provide the second marker with analogous collection behavior relative 
to the target entity. Such methods are discussed in the following examples. 

15 

EXAMPLES 

Concentration Calibrated Sample Preparation Using IVIagnetically-Loaded Markers 

20 [0088] To 10 ml of blood are added 5 ml of reagent containing an epithelial cell specific ferrofluid, 10,000 green 
fluorescent 1 0 ^m beads with approximately 500 ferrofluid particles per bead affixed thereto and 1 0.000 red fluorescent 
10 ^im beads with approximately 5,000 ferrofluid particles per bead affixed thereto. After 15 minutes of incubation, the 
sample is placed in a magnetic separator of the type described in U.S. Patent No. 5,186,827 for 10 minutes. That 
portion of the sample not attached to the wall of the vessel is discarded, the vessel is removed from the magnetic field 

25 and the cells collected on the wall are resuspended in 2 ml of a solution, such as an isotonic buffer or a solution which 
permeabilizes the cell membrane. The resuspended cells are placed In the magnetic field for 5 minutes and the sample 
not attached to the wall of the vessel is discarded. The cells collected on the wall are resuspended in 0.2 ml of a solution 
containing fluorescently labeled antibodies, for example, CD45 PerCP identifying leukocytes, anti EPCAM PE and/or 
antlcytokeratin PE identifying epithelial cells. Optionally, the sample may again be separated, excess antibodies dis- 

30 carded and the collected cells resuspended in a solution containing a nucleic acid dye with fluorescence properties 
which can be spectrally distinguished from the fluorescence produced by the fluorescent conjugated monoclonal an- 
tibodies. 

[0089] Leukocytes, epithelial cells, green and red beads can then be enumerated by the methods described herein 
or by traditional enumeration methods. A measurement of, for example, 1 0 epithelial cells. 5000 green beads and 7000 
35 red beads would indicate that In case the epithelial cells have a density of 500 ferrofluid particles/cell their concentration 
would be (10 x 10,000/5000)/10=2 epithelial cells per ml of blood; and in case the epithelial cells have a density of 
5,000 ferrofluid particles / cell their concentration would be (10 x 1 0,000/7, 000)/1 0=1 .4 epithelial cells per ml of blood. 
[0090] Although this example describes the use of two makers to accurately determine epithelial cell concentration, 
it will be apparent that any cell concentration can be determined. 

40 \ 
EXAMPLE 7 

Sample Preparation Using Ferrofluld-Binding Markers 

45 [0091] The celt analysis of Example 6 was repeated, except for the addition of 1 0,000 red and 1 0,000 green beads 
with respectively 500 and 5,000 antigens per bead to the blood. (Many of the antigens are cloned and recombinant 
proteins can be obtained which are recognized by the antibodies). This is followed by addition of the ferrofluid which 
identifies both beads and epithelial cells. In this example, an accurate estimate of the absolute number of target cells 
is obtained and it determines in addition whether the target ceil specific ferrofluid works. 

50 [0092] Examples 6 and 7, above, describe a sample preparation procedure to control for performance of a cell anal- 
ysis system, as well as indicate the concentration of the measured target cells per volume unit. An analysis sample 
prepared according to the procedure described above can then be quantitatively analyzed using flow cytometry, or 
with the apparatus described herein. The volume in the apparatus described herein is known, whereas the volume 
which passes through a flow cytometer has to be determined by the beads or by the actual measurement of the volume 

55 In which the flow cytometer measured the target events. Using precise sample dispensing techniques (pipette) the 
volume of the sample, the reagent and the diluent is accurately measured. In the comparable procedure using the 
apparatus of the present invention, on the other hand, accurate dispensing of sample and reagents is sufficient to 
determine the cell concentration (without also requiring a count of the beads for volume determination). In its simplest 
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configuration, however, it Is desired to obviate precise dispensing of sample. To this end, the bead approach described 
above can be used to determine the precise dilution of the sample, rather than the determination of the precise volume 
from which the target cells are analyzed, as exemplified above. 

5 Example 8 

Ce» Concentration Determination Using Calibrated Marker Solution 

[0093] Approximately 50 |xl of a solution containing target cell specific ferrofluid, reagents such as fluorescent nucleic 
10 acid dyes to facilitate identification of target cells and a known concentration of 1 0 ^m beads, for example, 1 .000 per 
fil, with physical properties which distinguish them from the target cells, and labeled with an amount of ferrofluid which 
Is in the same range as that of the target cells, are introduced into a separation vessel of the present invention. A drop 
of blood is also introduced into the vessel by, for example, capillary action. The blood and fluid are mixed and incubated. 
The vessel is now introduced into a magnetic field and the target cells and beads are aligned along the ferromagnetic 
15 lines. From the number of beads counted, the actual volume of blood which was mixed with the fluid can now be 
determined. For example, if 6,000 beads are measured and the chamber volume is 10 ^1, the volume of the marker 
fluid in the chamber Is 6,000/1 ,000=6 ^i. The blood volume in the chamber is thus 1 0 jil - 6 ^il = 4 ^1. If 32,000 target 
cells are measured, the target cell concentration is 32,000/4 = 8,000 cells/^l. As should be evident from the foregoing 
description, neither the exact volume of the blood nor the exact volume of the marker fluid has to be known so long as 
20 the concentration of the beads in the marker fluid is known and the blood and bead solution are fully mixed. 

[0094] As In Example 7, beads can be added which have an arnount of antigen which is similar to the amount of 
antigen on the target cells. In addition to the features described in examples 5, 6, and 7, this procedure further provides 
a method to determine the efficacy of the techniques and reagents used to select and detect the target material. 

25 c. Assessment of Red Blood Cell Parameters 

[0095] Important parameters in hematology are hemoglobin and hematocrit, mean corpuscular volume (MCV), mean 
hemoglobin concentration (MCH), mean cellular hemoglobin concentration (MCHC) and red blood cell number (RBC). 
To measure erythrocytes, a larger dilution of the blood is required as compared to leukocyte measurements or subsets 

30 thereof (on the order of a 1 ,000 fold higher concentration). A higher fluid volume can be used in the chamber in order 
to obtain a greater dilution. It also could be advantageous to reduce the chamber height to reduce the number of 
erythrocytes aligned. Erythrocytes can be identified and aligned by using an erythrocyte specific ferrofluid such as 
gtycophorin A-labeled ferrofluid or transferrin-labeled ferrofluid, the latter recognizing only the immature reticulocytes, 
i.e., RNA containing erythrocytes. Erythrocytes bound to such ferrofluids can be distinguished from nucleated cells 

35 bearing the transferrin receptor by the absence of nuclear fluorescence. Alternatively, one could make use of the 
presence of hemoglobin In the erythrocytes to render the erythrocytes magnetically responsive. The iron present In 
hemoglobin can be reduced, or othenwise rendered magnetic according to a known procedure such that the red blood 
cells will be immobilizable by the internal gradients generated in the vicinity of the ferromagnetic lines. In such a method, 
no ferrofluid is necessary to attract the erythrocytes to the ferromagnetic lines, and the rate at which they would be 

40 attracted toward the ferromagnetic lines would be proportional to the amount of hemoglobin In the cells. 

[0096] Once the erythrocytes are aligned along the ferromagnetic lines, light scatter and absorption measurements 
of the individual cells can be performed which permit the assessment of size, volume and hemoglobin content according 
to procedures for conducting measurements in known hematology analyzers, and suitably adapted for use with the 
present apparatus. 

45 [0097] The ability to assess the shape of the individual erythrocytes provides clinically useful information. Elliptocyte, 
leptocyte. teardrop rbc, spherocytes, sickle cells, schistocyte, acanthocyte, echinocyte, stomatocyte, xerocyte are all 
red blood cell shapes associated with disease states which cannot be accurately defined by the assessment of eryth- 
rocytes in hematology analyzers. Optionally, the erythrocytes can be further differentiated by the addition of probes 
which recognize erythrocytes subsets, such as CD71 or transferrin. The fluorescence or other detectable signal of the 

50 probe could thus be analyzed through the transparent wall member. Enhancement of the ability to assess red blood 
cell shapes could be significantly improved by measurement of the surface area of the cell membrane which can be 
achieved by the addition of a fluorescent membrane dye to the diluent fluid. Measurement of the total amount of fluo- 
rescence per cell is then proportional to the total amount of the membrane. From the surface area of the cell membrane 
and the analysis of the light scatter and fluorescence signals, the shape of the erythrocyte can be derived. The dilution 

55 of the blood sample can be determined by the addition of the beads to the diluent fluid, and the number and volume 
of the erythrocytes can be determined, the hematocrit (volume of cells/(total blood volume)) can also be determined 
according to the present method. 
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EXAMPLE 9 

Measurement of Immune Status and Function in Whole Blood 

5 [0098] One of the critical needs for the Immune function is the ability of lymphocytes to re-circulate through the 
various tissues of the body. This circulation uses blood and lymph for transportation and the antigen receptors present 
on the lymphocyte surface enable the monitoring of any site where antigen could enter the bloodstream. Memory T 
cells specific for antigens which are associated with specific infectious diseases such as measles, mumps, tetanus, 
HIV or Lyme disease are infrequent. However, their number increases dramatically when antigen reenters the body. 

10 Monoclonal antibodies specific for disease specific T cells can be made and upon labeling with ferrofluld the antigen 
(dlsease)-specific Memory T ceils can be aligned and enumerated. Alternately, all specific or subsets of T cells could 
be aligned. The apparatus of the current invention could then be used to determine specific responses of ceil subsets 
to immunological stimuli. 

[0099] Sequential flow-by reactions of generic or disease specific antigens or other markers also could be used to 
15 determine the functional status and capability among other characteristics of the aligned cells. A particular advantage 
of the current invention Is that the reaction of individual cells can be measured at various time points after stimulation. 
This type of analysis is an obvious advantage over the measurement of Immune function by fiowcytometry which 
permits only on opportunity to measure individual cell responses. 

[0100] An arrangement for conducting "flow-by" or sequential reactions upon immobilized target material is shown 
20 in FIG. 1 2. Fluid supply means, such as pumps, gravity resen/oirs or syringes 220, 222 are provided for containing the 
test sample and respective reagents for reaction with the target material. Fluid conduits 224. 226 are provided for 
conducting flows of the respective fluids to a mixing valve 228. The mixing valve 228 is configured to select one or 
more of the fluid components for mixing and delivery to an inlet port 230 of the separation vessel 210. The separation 
vessel 210 further includes an outlet port 232 for conducting a flow of fluid out of the separation vessel 210. The 
25 separation vessel 21 0 is configured for use with magnetic arrangements and manual or automatic optical observation 
means such as have been described above, so that target material may be immobilized therein by a ferromagnetic 
capture structure 21 8, and then subjected to sequential reactions with the fluids provided by the fluid supply means 
and selected by the multi-port valve 228 in sequence and/or combination. 

[0101] In a particularly preferred embodiment, the apparatus in FIG. 12 can be utilized to perform fluorescence in 
30 situ hybridization in order to differentiate among characteristics of cell subpopulatlons. In such a method, the desired 
types of ceils are immobilized in the apparatus. The cell membranes are permeabllized by an appropriate reagent prior 
to, or after, immobilization. Then, in situ hybridization is performed on the immobilized, permeabilized cells by conduct- 
ing sequential flows of reagents through the vessel. For fluorescent hybridization, the respective reagents comprise 
respective fluorescent probes. 

35 [0102] The instant invention is particularly well adapted for performing sequential reactions due to the smalt size of 
the ferromagnetic lines relative to other internal gradient separators. The lines can be made relatively thin, due to the 
mechanical support provided by the wall of the vessel. Consequently, cells or other entities are rendered strongly 
immobilized by the relatively large internal gradients generated in the vicinity of the lines. Such strong immobilization 
force results in a greater resistance to hydraulic forces incident to conducting flow-by reactions on immobilized sub- 

40 stances. Heretofore, magnetic capture structures were of significantly larger dimensions in order to provide an internal 
gradient with sufficient spatial extent to draw magnetic particles into Immobilization, tn accordance with the present 
invention, it has been found that gravitational force and/or an applied external gradient can be employed to draw 
magnetizable entities toward a strong internal gradient region generated In the vicinity of a capture structure having 
relatively small dimensions, and supported along one side of the chamber of the separation vessel. 

45 

Claims 

1 . An apparatus for observing magnetically-reponslye microscopic entltitles suspended in a fluid medium, corriprising: 

50 

a vessel having a transparent wall and a chamber formed therein for containing the fluid medium; 
a ferromagnetic capture structure formed on the transparent wall by means of a lithographic process; and 
magnetic means for inducing an Internal magnetic gradient In the vicinity of the ferromagnetic capture structure, 
whereby the magnetically-responsive entities are immobilized along the wail adjacent to the capture structure. 

55 

2. The apparatus of claim 1 wherein the vessel comprises a fluid inlet and a fluid outlet for conducting a flow of fluid 
through the vessel. 
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3. The apparatus of claim 2 comprising fluid supply means connected with the fluid inlet for sequentially supplying a 
plurality of reagents to the fluid inlet. 

4. The apparatus of any of claims 1 to 3 wherein the ferromagnetic capture structure comprises a plurality of ferro- 
5 magnetic lines having an effective diameter of less than 30 ^m. 

5. The apparatus of any of claims 1 to 4 wherein the magnetic means Is configured to apply an external gradient to 
the vessel for transporting entities within the vessel in the direction of the capture structure. 

10 6. The apparatus of any of claims 1 to 5. comprising an automated optical observation system for detecting and 
enumerating the immobilized entities. 

7. The apparatus of claim 6 wherein the automated observation system comprises: 

IS an optical detector for detecting said immobilized entities; and 

tracking means for scanning the optical detector parallel to the ferromagnetic lines. 

8. An apparatus for observing magnetically-reponsive microscopic entitities suspended in a fluid medium, comprising: 

20 a vessel having a transparent wall and a chamber formed therein for containing the fluid medium; 

a ferromagnetic capture structure supported on the transparent wall; 

magnetic means for inducing an internal magnetic gradient in the vicinity of the ferromagnetic capture structure, 
whereby the magnetically-responsive entities are immobilized along the wall adjacent to the capture structure; 
and 

25 an automated optical observation system for detecting and enumerating the Immobilized entities. 

9. The apparatus of claim 8 wherein the automated observation system comprises: 

an optical detector for detecting said immobilized entities; and 
30 optical tracking means for scanning the optical detector along the capture structure. 

10. The apparatus of claim 8 wherein the automated observation system comprises a vibratable support for supporting. 

and selectively vibrating the vessel. 

35 11. The apparatus of claim 1 0 wherein the vibratable support comprises a piezoelectric vibrator. 

12. An apparatus for observing magnetically-reponsive microscopic entitities suspended In a fluid medium, comprising: 

a vessel having a transparent wall and a chamber formed therein for containing the fluid medium; 
40 a ferromagnetic capture structure supported on the transparent wall; 

magnetic means for inducing an internal magnetic gradient in the vicinity of the ferromagnetic capture structure, 
and for applying an external gradient perpendicular to the ferromagnetic capture structure, whereby the mag- 
netically-responsive entities are transported toward and immobilized along the wall adjacent to the capture 
structure. 

45 

13. The apparatus of claim 12 wherein the magnetic means comprises a pair of magnets having tapered pole surfaces 
positioned to provide a gap therebetween for receiving the vessel. 

14. The apparatus of claim 1 2 or 1 3 wherein the ferromagnetic capture structure comprises a plurality of ferrorriagnetic 
50 lines having an effective diameter of less than 30 fim. 

15. The apparatus of claim 14 wherein the ferromagnetic lines are supported on the wall by adhesion. 

16. The apparatus of claim 15 wherein the ferromagnetic lines are formed on the wall by means of a lithographic 
55 process. 

17. A method of immobilizing microscopic magnetically-responsive entities suspended in a fluid medium for observa- 
tion, comprising the steps of: 
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providing a vessel having a chamber with a transparent wall and a ferromagnetic capture structure supported 
on the wall; 

introducing the fluid medium into the chamber; 

applying a magnetic field to the chamber to Induce an internal magnetic gradient in the vicinity of the ferro- 
5 magnetic capture structure; and 

observing the magnetically responsive entities held against the wall adjacent to the ferromagnetic capture 
structure. 

18. the method of claim 17 wherein the ferromagnetic capture structure comprises a plurality of linear ferromagnetic 
'0 elements, and said observing step comprises the step of scanning along the linear ferromagnetic elements with 

an automated optical detection system. 

19. The method of claim 1 7 wherein said observing step comprises the step of enumerating the magnetically respon- 
sive entities. 

15 

20. The method of any of claims 17 to 19 wherein said applying step comprises the step of orienting the vessel to 
position the ferromagnetic capture structure beneath the chamber such that the magnetically responsive entities 
are transported toward the capture structure under the influence of gravity. 

20 21 . The method of any of claims 1 7 to 1 9 wherein the applying step comprises applying an exterrial magnetic gradient 
to the vessel to transport the magnetically-responsive entities toward the capture structure. 

22. A method of immobilizing microscopic magnetically-responsive entities suspended in a fluid medium for obsen/a- 
tion, comprising the steps of: 

25 

providing a vessel having a chamber with a transparent wall and a ferromagnetic capture structure supported 
on the wall; 

introducing the fluid medium into the chamber; 

applying a magnetic field having an external gradient to the chamber to induce an internal magnetic gradient 
in the vicinity of the ferromagnetic capture structure and to transport magnetically-responsive entities toward 
the capture structure; 

collecting said magnetically-responsive entities In a linear monolayer against the wall and adjacent to the 
ferromagnetic capture structure; and 

observing the magnetically responsive entities held against the wall adjacent to the ferromagnetic capture 
35 Structure. 

23. A method of differentiating biological substances of at least a first and second type in a fluid sample, comprising 
the steps of: 

marking the first and second types of biological substances with respective markers to produce distinctive 
optical characteristics; 

adding to the fluid sample a ferrofluid having a binding affinity for biological substances of the first and second 
types; 

placing the fluid sample in a separation vessel having a transparent wall defining one side of a chamber, and 
having a ferromagnetic capture structure supported along the wall; 

positioning the vessel in a magnetic field for inducing an internal gradient in the vicinity of the capture structure 
sufficient to immobilize the biological substances of the first and second types along the wall adjacent to the 
capture structure; and 

observing the distinct optical characteristics of the respective first and second types of the biological substance. 

24. The method of claim 23 wherein said marking step comprises: 

adding to the fluid sample first and second optical markers adapted for pr5&ucing distinct optical responses 
from biological substances of a respective first type and a second type; 

and wherein said obsen/ing step comprises the step of illuminating the vessel with optical radiation adapted 
to produce said distinct optical responses. 

25. The method of claim 23 or 24 wherein the first and second biological substances are cell types of respective 
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leukocyte sub-populations. 

26. The method of claim 25 wherein the leukocyte sub-populations comprise respective living and dead leukocytes. 

5 27, The method of claim 23 or 24 wherein the first and second biological subtances are respective first and second 
red blood cell subpopulations. 

28. The method of claim 23 or 24 wherein the first and second biological substances are cell types of respective platelet 
sub-populations. 

10 . 

29. The method of claim 23 wherein said observing step comprises observing distinct shapes of the respective first 
and second types of the biological substances. 

30. The method of claim 23 wherein said biological substances are cell types, and said observing step comprises 
15 enumerating the immobilized cells of the first and second types and determining a ratio of immobilized substances 

relative to the net surface area of the immobilized cells. 

31 . The method of claim 23, comprising the steps of: 

20 diluting the fluid sample with a diluent containing a fluorescent membrane dye; and 

wherein said observing step comprises measuring fluorescence from the immobilized cells to determine the pro- 
portionate surface area of the immobilized cells. 

25 32. The method of any of claims 23 to 31 comprising the step of conducting sequential flows of reagents through the 
vessel to produce the distinct optical responses. 

33. The method of claim 32 wherein the biological substances are respective cells of distinct cell subpopulations, the 
method comprising the step of permeabllizing the membranes of the cells prior to conducting the sequential flows 

30 of reagents through the vessel. 

34. The method of claim 32 or 33, wherein the sequential flows of reagents comprise sequential flows of reagents for. 
producing distinct fluorescent optical responses, and wherein said observing step comprises illuminating the im- 
mobilized cells with illumination selected to produce said distinct fluorescent responses. 

35 

35. The method of claim 23 wherein said biological substance comprises cells and said obsen^ing step comprises 
conducting in situ hybridization of the immobilized cells. 

36. A method of identifying immunophenotypic sub-populations of biological substances suspended In a fluid medium, 
40 comprising the steps of : 

adding to the fluid medium a quantity of magnetically-responsive particles having a binding affinity for the 

biological substances; 

adding to the fluid medium a plurality of probes having respective distinct fluorochromes; 

placing the fluid medium in a separation vessel having a transparent wall defining one side of a chamber, and 

having a ferromagnetic capture structure supported along the wall; 

positioning the vessel in a magnetic field for inducing an internal gradient in the vicinity of the capture structure 
sufficient to immobilize the biological substances along the wall adjacent to the capture structure; 
illuminating the vessel with optical radiation adapted to excite at least a selected one of the fluorochromes; and 
50 observing the optical response of the selected fluorochrome. 

37. A method of differentiating red blood cell subpopulations in a fluid sample, comprising the steps of: 

rendering red blood cells in the fluid sample to be magnetically responsive; 
55 placing the fluid sample in a separation vessel having a transparent wall defining one side of a chamber, and 

having a ferromagnetic capture structure supported along the wall; 

positioning the vessel in a magnetic field for magnetizing the magnetically responsive red blood cells and for 
inducing an internal gradient in the vicinity of the capture structure sufficient to attract and immobilize the cells 
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along the wall adjacent to the capture structure; and 

observing red blood cells immobilized adjacent the capture structure. 

38. The method of claim 37, wherein the rendering step comprises the step of labelling the red blood cells with mag- 
5 netizable particles. 

39. The method of claim 38 wherein the magnetizable particles are adapted to bind with a characteristic determinant 
of at least one subpopulatlon of red blood cells. 

10 40. The method of claim 39 wherein the magnetizable particles comprise at least one binding substance selected from 
the group consisting of CD71 , glycophorin A and transferrin. 

41 . The method of any of claims 37 to 40, wherein the observing step comprises enumerating red blood cell subpop- 
ulations having respective distinct shapes. 

15 

.42. The method of any of claims 37 to 41 , comprising the steps of: 

diluting the fluid sample with a diluent containing a fluorescent membrane dye; and 

20 wherein said observing step comprises measuring fluorescence from the immoblized cells to determine the pro- 

portionate surface area of the immobilized cells. 

43. A method of performing quantitative analysis of cells in a first fluid medium, comprising the steps of: 

25 adding to the first fluid medium a first marker comprising a known quantity of first magnetically responsive 

particles; 

adding to the first fluid medium a quantity of second magnetically responsive particles having a binding affinity 
for the cells; 

placing the first fluid medium in a magnetic separator for separating magnetically-responsive entities from 
30 other components of the first fluid medium; 

resuspending the separated magnetically-responsive entities In a second fluid medium; 

enumerating the quantity of the first marker and the cells in the second fluid medium to determine the con- . 

centratlon of the cells In the first fluid medium. 

35 . said enumerating step comprising the steps of: 

placing the second fluid medium into a chamber of a separation vessel having a transparent wall and a ferro- 
magnetic capture structure supported along the wall; 

positioning the separation vessel in a magnetic field to generate an internal magnetic gradient in the vicinity 
"fo of the ferromagnetic capture structure; and 

enumerating cells immobilized against the transparent wall adjacent to the ferromagnetic capture structure. 

44. The method of claim 43, comprising the steps of: 

45 adding to the first fluid medium a second rharker comprising a known quantity of third magnetically responsive 

particles having a magnetic moment approximately equal to the bound cells; and 

wherein said enumerating step comprises the step of enumerating the quantity of the second marker in the 
second fluid medium as a measurement of the magnetic separation efficiency. 

50 

45. The method of claim 43 or 44, comprising the step of preparing the second marker by providing a quantity of non- 
magnetlcally-responsive particles bearing a binding agent for the second magnetically responsive particles. 

46. The method of claim 43 wherein said enumerating step comprises the step of providing the second fluid medium 
55 to a flow cytometer. 

47. A method of measuring a hematological parameter of a fluid sample containing red blood cells, comprising: 
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diluting a first fluid sample comprising blood with a diluent containing a known qualitity of first magnetic par- 
ticles, to obtain a second fluid sample; 

rendering red blood cells one of the first and second fluid samples to be magnetically responsive; 
placing the second fluid sample into a chamber of a separation vessel having a transparent wall and a ferro- 
magnetic capture structure supported along the wall; 

positioning the separation vessel in a magnetic field for magnetizing the red blood cells and for generating an 
intemal magnetic gradient in the vicinity of the ferromagnetic capture structure; and 
enumerating red blood cells and first magnetic particles immobilized against the transparent wall adjacent to 
the ferromagnetic capture structure. 

48. The method of claim 47, wherein the rendering step comprises the step of enhancing magnetizability of the red 
blood cells by adding to one of the first and second fluid samples a second magnetic particle having a binding 
affinity for red blood cells. 

49. The method of claim 47 or 48, comprising the step of adding to one of the first and second fluid samples a known 
quantity of a third magnetic particle having a magnetic characteristic comparable to the red blood cells rendered 
magnetically responsive; and wherein said enumerating step comprises enumerating third magnetic particles im- 
mobilized adjacent the capture structure. 

50. The method of any of claims 47 to 49, comprising the step of determining, on the basis of said enumeration, at 
least one of the parameters of hemoglobin content, hematocrit, mean corpuscular volume, mean hemoglobin con- 
centration, and red blood cell number. 



Patentanspruche 

1. Gerat zur Beobachtung magnetisch reagierender mikroskopischer Teilchen, die in einem flussigen Medium sus- 
pendlert sind, umfassend: ein GefaB mit einer durchsichtigen Wand und einer darin geformten Kammer zur Auf- 
nahme des flussigen Mediums; eine ferromagnetische Fangkonstruktion, die in einem lithografischen Verfahren 
auf der durchsichtigen Wand geformt wird; und ein magnetisches Mittel zur Induzierung eines internen magnetl- 
schen Gefalles In der NShe der ferromagnetischen Fangkonstruktion, wodurch die magnetisch reagierenden Teil- 
chen uber die Wand neben der Fangkonstruktion immobilisiert werden. 

2. GerSt nach Anspruch 1 , dadurch gekennzeichnet, dass das GefaG einen Flussigkeitseinlass und einen Flussig- 
. keitsauslass zur Durchleitung einer Flussigkeitsstrdmung durch das GefaB umfasst. 

3. Gerat nach Anspruch 2, umfassend ein mIt dem Flussigkeitseinlass zur sequentiellen Zufuhr mehrerer.Reagenzien 
zum Flussigkeitseinlass verbundenes Flusslgkeitszufuhrmittel. 

4. Gerat nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, dass die ferromagnetische Fangkonstruktion 
mehrere ferromagnetische Linien mit einem wirksamen Durchmesser unter 30 ^im umfasst. 

5. Gerat nach einem der Anspruche 1 bis 4. dadurch gekennzeichnet, dass das magnetische Mittel so ausgestaltet 
ist, dass es zum Transport von Teilchen im GefSB in Richtung der Fangkonstruktion ein externes Gefalle an das 
GefSBanlegt. 

6. Gerat nach einem der Anspruche 1 bis 5, umfassend ein automatisches optisches Beobachtungssystem zum 
Nachweis und Zahlen der immobilisierten Teilchen. 

7. Gerat nach Anspruch 6. dadurch gekennzeichnet, dass das autornatische Beobachtungssystem Folgendes um- 
fasst: einen optischen Detektor zum Nachweis der immobilisierten Teilchen; und Verfolgungsmlttel zum Scannen 
des optischen Detektors parallel zu den ferromagnetischen Linien. 

8. Gerdt zum Beobachten magnetisch reagierender mikroskopischer Teilchen, die in einem flussigen Medium sus- 
pendiert sind, umfassend: ein GefSB mit einer durchsichtigen Wand und einer darin geformten Kammer zur Auf- 
nahme des flussigen Mediums; eine ferromagnetische Fangkonstruktion, die auf der durchsichtigen Wand festge- 
haiten wird; ein magnetisches Mittel zur Induzierung eines internen magnetischen Gefalles in der Nahe der ferro- 
magnetischen Fangkonstruktion, wodurch die magnetisch reagierenden Teilchen iiber die Wand neben der Fang- 
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konstruktions immobillsiert werden; und ein automatisches optisches Beobachtungssystem zum Nachweis und 
Zahlen der Immobilisierten Teilchen. 

9. Gerat nach Ahspruch 8, dadurch gekennzeichnet, dass das automatische Beobachtungssystem folgendes um- 
5 fasst: einen optischen Detektor zum Nachweis der immobilisierten Teilchen; und optische Verfolgungsmlttel zum 

Scannen des optischen Oetektors entlang der Fangkonstruktion. 

10. Gerdt nach Anspruch 8, dadurch gekennzeichnet, dass das automatische Beobachtungssystem einen vibratl- 
onsfahlgen Trager zum Unterstutzen und selektiven VIbrieren des Gefa3es umfasst. 

10 

11. Gerat nach Anspruch 10, dadurch gekennzeichnet, dass der vibratlonsfahige Trdger einen plezoelektrlschen 
Vibrator umfasst. 

12. Gerat zum Beobachten magnetisch reagierender mikroskopischer Teilchen, die in einem flussigen Medium sus- 
. 15 pendiert sind, umfassend: ein GefaB mit einer durchsichtigen Wand und einer darin geformten Kammer zur Auf- 

nahme des flussigen IVIediums; eine ferromagnetische Fangkonstruktion, die auf der durchsichtigen Wand festge- 
. halten wird; ein magnetisches Mittel zur Induzierung eines internen magnetischen Gefalles in der Nahe der ferro- 
magnetischen Fangkonstruktion und zum AnIegen eines externen Gefalles lotrecht zur ferromagnetischen Fang- 
konstruktion, wodurch die magnetisch reagierenden Teilchen zur Wand nieben der Fangkonstruktion transportlert 
20 und darauf immobllisiert werden. 

13. Gerat nach Anspruch 12, dadurch gekennzeichnet, dass das magnetische Mittel ein Magnetpaar mit spitz zu- 
laufenden Polflachen umfasst, die so angeordnet sind, dass dazwischen zur Aufnahme des GefaBes eine Lucke 
entsteht. 

.25 

14. Gerdt nach Anspruch 12-13, dadurch gekennzeichnet, dass die ferromagnetische Fangkonstruktion mehrere 
ferromagnetische LInlen mit eInem wirksamen Durchmesser unter 30 pm umfasst. 

15. Gerat nach Anspruch 14, dadurch gekennzeichnet, dass die ferromagnetischen LInlen durch AdhSsion an der 
30 Wand gehalten werden. 

16. Gerat nach Anspruch 1 5, dadurch gekennzeichnet, dass die ferromagnetischen LInlen durch ein lithograflsches 
Verfahren auf der Wand geformt werden. 

35 17. Verfahren zur Immobilislerung mikroskopischer* magnetisch reagierender Teilchen, die in einem flussigen Medium 
suspendiert sind, fur Beobachtungszwecke, umfassend folgende Schritte: Bereitstellen eines GefaBes mit einer 
Kammer mit einer durchsichtigen Wand und einer ferromagnetischen Fangkonstruktion, die auf der Wand festge- 
halten wird; Einfuhren des flussigen Mediums in die Kammer; AnIegen eines Magnetfelds an die Kammer, um ein 
internes magnetisches Gefalle In der Nahe der ferromagnetischen Fangkonstruktion zu induzleren; und Beobach- 

^0 ten der magnetisch reagierenden Teilchen, die neben der ferromagnetischen Fangkonstruktion gegen die Wand 
gehalten werden. 

18. Verfahren nach Anspruch 17, dadurch gekennzeichnet, dass die ferromagnetische Fangkonstruktion mehrere 
lineare ferromagnetische Elemente umfasst und der Beobachtungsschritt den Schrltt des Scannens entlang den 

45 linearen ferromagnetischen Etemeriten mit einem automatlschen optischen Nachweissystem umfasst. 

19. Verfahren nach Anspruch 17, dadurch gekennzeichnet, dass der Beobachtungsschritt den Schrltt des Zahlens 
der magnetisch reagierenden Teilchen umfasst. 

50 20. Verfahren nach einem der Anspriiche 17 bis 19, dadurch gekennzeichnet, dass der Aniegeschritt den Schrltt 
der Orientierung des GefSBes umfasst, urn die ferromagnetische Fangkonstruktion so unter der Kammer anzu- 
ordnen, dass die magnetisch reagierenden Teilchen unter dem EInfluss der Schwerkraft zu der Fangkonstruktion 
transportiert werden. 

55 21 . Verfahren nach einem der Anspriiche 1 7 bis 1 9, dadurch gekennzeichnet, dass der Aniegeschritt das AnIegen 
eines externen magnetischen Gefalles an das GefaB zum Transport der magnetisch reagierenden Teilchen zur 
Fangkonstruktion umfasst. 
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22. Verfahren zur tmmobilisierung mikroskopischer, magnetisch reagierender Teilchen, die in einem flussigen Medium 
suspendiert sind, fur Beobaclitungszwecke, umfassend folgende Schritte: Bereitstellen eines GefSBes mit einer 
Kammer mit einer durcfisichtigen Wand und einer ferromagnetischen Fangkonstruktion, die auf der Wand festge- 
halten wird; Einfuhren des flussigen IVIediums in die Kammer; Anlegen eines Magnetfelds mit einem externen 

5 Gefalle an die Kammer, um ein internes magnetisches Gefalle in der Nahe der ferromagnetiscfien Fangkonstruk- 

tion zu induzieren und magnetisch reagierende Teilchen zur Fangkonstruktion zu transportieren; Auffangen der 
magnetisch reagierenden Teilchen in einer linearen Monoschicht gegen die Wand und neben der ferromagneti- 
schen Fangkonstruktion; und Beobachten der magnetisch reagierenden Teilchen, die neben der ferromagneti- 
schen Fangkonstruktion gegen die Wand gehalten werden. 

10 

23. Verfahren zur Differenzlerung biologischer Substanzen zumindest einer ersten und zwelten Art in einer Flusslg- 
keitsprobe, umfassend folgende Schritte: Markteren der ersten und zwelten Art von biologischen Substanzen mit 
entsprechenden Markern zur Erzeugung deutlich unterscheidbarer optischer Eigenschaften; Hinzufugen einer 
Ferroflussigkeit mit Bindungsaffinitat fur biologische Substanzen der ersten und zweiten Art zu der Flussigkeits- 

15 probe; Uberfiihren der Flussigkeitsprobe in ein TrenngefaQ mit einer durchsichtigen Wand, die eine Seite einer 

Kammer definiert und einer ferromagnetischen Fangkonstruktion, die an der Wand festgehalten wIrd; Posltlonieren 
des GefaBes in einem Magnetfeld zur Induzierung eines internen Gefalles in der Nahe der Fangkonstruktion, das 
ausreicht, um die biologischen Substanzen der ersten und zweiten Art entlang der Wand neben der Fangkonstruk- 
tion zu immobilisleren; und Beobachten der deutlich unterscheldbaren optischen Eigenschaften der ersten bzw. 

20 zwelten Art von biologischer Substanz. 

24. Verfahren nach Anspruch 23, dadurch gekennzelchnet, dass der Markierungsschritt folgendes umfasst: Hinzu- 
fugen erster und zweiter optischer Marker zu der Flussigkeitsprobe zur Erzeugung deutlich unterscheidbarer op- 
tischer Reaktionen von biologischen Substanzen einer ersten Art bzw. einer zweiten Art; und dass der Beobach- 

25 tungsschritt den Schritt des Beleuchtens des GefaBes mit optischer Strahlung zur Erzeugung der deutlich unter- 

scheldbaren optischen Reaktionen umfasst. 

25. Verfahren nach Anspruch 23 Oder 24, dadurch gekennzeichnet, dass die ersten und zweiten biologischen Sub- 
stanzen Zetltypen von Leukozyten-Unterpopulatlonen sind. 

30 

26. Verfahren nach Anspruch 25, dadurch gekennzeichnet, dass die Leukozyten-Unterpopulatlonen lebende und 
tote Leukozyten enthalten. 

27. Verfahren nach Anspruch 23 Oder 24, dadurch gekennzeichnet, dass die ersten und zwelten biologischen Sub- 
35 stanzen erste bzw. zwelte Erythrozyten-Unterpopulationen sind. 

28. Verfahren nach Anspruch 23 Oder 24, dadurch gekennzeichnet, dass die ersten und zwelten biologischen Sub- 
stanzen Zelltypen von Thrombozyten-Unterpopulationen sind. 

40 29. Verfahren nach Anspruch 23, dadurch gekennzeichnet, dass der Beobachtungsschritt die Beobachtung deutlich 
unterscheidbarer Formen der ersten bzw. zweiten Art von biologischen Substanzen umfasst. 

30. Verfahren nach Anspruch 23, dadurch gekennzeichnet, dass die biologischen Substanzen Zelltypen sind und 
der Beobachtungsschritt das Zdhlen der Immoblllslerten Zellen der ersten und zweiten Art und das Bestlmmen 
45 eines Verh^ltnisses von Immoblllslerten Substanzen zur Nettooberfldche der immoblllsierten Zellen umfasst. 

Verfahren nach Anspruch 23, umfassend folgende Schritte: Verdunnen der Flussigkeitsprobe mit einem Verdun- 
nungsmittet, das einen fluoreszierenden Membranfarbstoff enthait; und dadurch gekennzeichnet, dass der Be- 
obachtungsschritt das Messen der Fluoreszenz von den Immobilislerten Zellen zur Bestimmung der proportlonalen 
OberflSche der Immobilislerten Zellen umfasst. 

32. Verfahren nach einem der Anspruche 23 bis 31 , umfassend den Schritt der Durchleitung sequenzieller StrSme 
von Reagenzien durch das GefaB zur Erzeugung der deutlich unterscheldbaren optischen Reaktionen. 

55 33. Verfahren nach Anspruch 32, dadurch gekennzeichnet, dass die biologischen Substanzen Jewells Zellen be- 
stimmter Zellunterpopulatlonen sind, wobei das Verfahren den Schritt der Permeabllisierung der Zellmembranen 
vor der Durchleitung der sequenzlellen Strdme von Reagenzien durch das GefaB umfasst. 
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34: Verfahren nach Anspruch 32 Oder 33, dadurch gekennzeichnet, dass die sequenzielleh Strome von Reagenzien 
sequenzielle Strome von Reagenzien zur Erzeugung deutlich unterscheldbarer fluoreszierender optischer Reak- 
tionen umfassen und dass der Beobachtungsschritt die Beleuchtung der immobilisierten Zellen mit einer Beleuch- 
tung, die.ausgewdhit ist, urn die deutlich unterscheidbaren fluoreszierenden Reaktionen zu erzeugen, umfasst. 

35. Verfahren nach Anspruch 23, dadurch gekennzelchnet, dass die biologische Substanz Zellen umfasst und der 
Beobachtungsschritt das Durchf uhren einer Hybrldisierung in situ der Immobilisierten Zellen umfasst. 

36. Verfahren zur Identifizierung immunophenotypischer Unterpopulationen von blologischen Substanzen, die in ei- 
nem flussigen Medium suspendiert sind, umfassend folgende Schritte: Hinzufugen einer Menge magnetisch rea- 
gierender Teilchen mit BIndungsaffinitat fur die biologlschen Substanzen zu dem flussigen IVIedium; Hinzufugen 
mehrerer Sonden mit voneinander unterscheidbaren Fluorochromen zu dem flussigen l\/ledium; Uberfuhren des 
flussigen Mediums In ein TrenngefaB mit elher durchsichtigen Wand, die eine Seite einer Kammer definiert und 
mit einer ferromagnetischen Fangkonstruktion, die an der Wand festgehalten wird; Positionieren des GefaBes in 
einem Magnetfeld zur Induzierung eines internen Gefalles in der Nahe der Fangkonstruktion, das ausreicht. um 
die blologischen Substanzen entlang der Wand neben der Fangkonstruktion zu Immoblllsleren; Beleuchten des 
GefSBes mit optischer Strahlung, die zumindest ein ausgewShltes Fluorochrom anregen kann; und Beobachten 
der optischen Reaktion des ausgewahlten Fluorochroms. 

37. Verfahren zur Differenzierung von Erythrozyten-Unterpopulationen In einer Flussigkeitsprobe, umfassend die fol- 
genden Schritte: Behandlung von Erythrozyten in der FIQsslgkeltsprobe, so dass sle magnetisch reagleren; Uber- 
fQhren des flussigen Mediums in ein TrenngefaB mit einer durchsichtigen Wand, die eine Seite einer Kammer 
definiert und mit einer ferromagnetischen Fangkonstruktion, die an der Wand festgehalten wird; Positionieren des 
GefaBes in einem Magnetfeld zur Magnetisierung der magnetisch reagierenden Erythrozyten und zur Induzierung 
eines Internen Gefalles in der Nahe der Fangkonstruktion, das ausreicht, um die Zellen entlang der Wand neben 
der Fangkonstruktion anzuziehen und zu immobilisieren; und Beobachten der neben der Fangkonstruktion immo- 
bilisierten Erythrozyten. 

38. Verfahren nach Anspruch 37, dadurch gekennzeichnet, dass der Behandlungsschritt den Schritt der Markierung 
der Erythrozyten mit magnetisierbaren Teilchen umfasst. 

39. Verfahren nach Anspruch 38, dadurch gekennzelchnet, dass die magnetisierbaren Teilchen mit einer charakte- 
ristischen Determinante zumindest einer Unterpopulation von Erythrozyten binden konnen. 

40. Verfahren nach Anspruch 39, dadurch gekennzelchnet, dass die magnetisierbaren Teilchen zumindest eine 
Bindungssubstanz aus der Gruppe CD71 , Glycophorin A und Transferrin umfassen. 

41. Verfahren nach einem der Anspruche 37 bis 40, dadurch gekennzeichnet, dass der Beobachtungsschritt das 
Zahlen von Erythrozyten-Unterpopulationen mit entsprechenden voneinander unterscheidbaren Formen umfasst. 

42. Verfahren nach einem der AnsprQche 37 bis 41, umfassend folgende Schritte: VerdOnnen der Flussigkeitsprobe 
mit einem Verdunnungsmittel, das einen fluoreszierenden Membranfarbstoff enthalt; und dadurch gekennzelch- 
net, dass der Beobachtungsschritt das Messen der Fluoreszenz von den Immobilisierten Zellen zur Bestimmung 
der proportlonalen Oberflache der Immobilisierten Zellen umfasst. 

43. Verfahren zur DurchfOhrung einer quantltatlven Analyse der Zellen In einem ersten flussigen Medium, umfassend 
folgende Schritte: Hinzufugen eines ersten Markers mit einer bekannten Menge erster magnetisch reagierender 
Teilchen zu dem ersten flussigen Medium; Hinzufugen einer Menge zweiter magnetisch reagierender Teilchen mit 
BIndungsaffinitat fur die Zellen zu dem ersten flussigen Medium; Uberfuhren des ersten flussigen Mediums in 
einem magnetlschen Separator zum Trennen der magnetisch reagierenden Teilchen von anderen Bestandtellen 
des ersten flussigen Mediums; Resuspendieren der getrennten magnetisch reagierenden Teilchen in einem zwel- 
ten flussigen Medium; Zahlen der Menge des ersten Markers und der Zellen in dem zweiten flussigen Medium 
zum Bestimmen der Konzentration der Zellen in dem ersten flussigen Medium, wobei der Zahlschritt folgende 
Schritte umfasst: Oberfuhren des zweiten flussigen Mediums In eine Kammer eines TrenngefSBes mit einer durch- 
sichtigen Wand und einer ferromagnetischen Fangkonstruktion, die an der Wand festgehalten wird; Positionieren 
dieses TrenngefSBes In einem Magnetfeld zur Erzeugung eines Internen magnetlschen Geflilles in der Nahe der 
ferromagnetischen Fangkonstruktion; und Zahlen der gegen die durchslchtlge Wand neben der ferromagnetischen 
Fangkonstruktion immobilisierten Zellen. 
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44. Verfahren nach Anspruch 43, umfassend folgende Schritte: Hinzufugen eines zwetten Markers mit einer bekannten 
Menge dritter magnetisch reagierender Teilchen, deren Magnetmoment uhgefShr dem der gebundenen Zellen 
entspricht, zu dem ersten flQssigen Medium; und dadurch gekennzeichnet, dass der Zahtschritt den Schritt des 
Zahlens der Menge des zweiten Markers in dem zwelten flussigen Medium als MaB fQr die magnetische Trennef- 

fizienz umfasst, 

45. Verfahren nach Anspruch 43 Oder 44, umfassend den Schritt des Vorbereitens des zweiten Markers durch Bereit- 
stellung eIner Menge nicht magnetisch reagierender Teilchen mIt einem Bindungsmittel fur die zweiten magnetisch 
reagierenden Teilchen. 

46. Verfahren nach Anspruch 43. dadurch gekennzeichnet, dass der ZShlschritt des Schritt des Bereitstellens des 
zweiten flussigen Mediums zu einem Flusszytometer umfasst. 

47. Verfahren zur Messung eines hamatologischen Parameters einer Erythrozyten enthaltenden Flussigkeitsprobe, 
umfassend: Verdunnen einer ersten Blut enthaltenden Flussigkeitsprobe mit einem Verdunnungsmittel mit einer 
bekannten Menge erster magnetischer Teilchen zum Erhalt einer zweiten Flussigkeitsprobe; Behandlung der Ery- 
throzyten einer der ersten und zweiten Flussigkeitsproben, so dass sie magnetisch reagieren; Oberfuhren der 
zweiten Flussigkeitsprobe in eine Kammer eines Trenngefa3es mit einer durchsichtigen Wand und einer ferroma- 
gnetischen Fangkonstruktion, die an der Wand festgehalten wird; Positibnieren dieses Trenngefa3es in einem 
Magnetfeld zur Magnetisierung der Erythrozyten und zum Erzeugen eines internen magnetischen Gefalles in der 
NShe der ferromagnetischen Fangkonstruktion; und Zdhlen der gegen die dufchsichtige Wand neben der ferro- 
magnetischen Fangkonstruktion immobilisierten Erythrozyten und ersten magnetischen Teilchen. 

48. Verfahren nach Anspruch 47, dadurch gekennzeichnet, dass der Behandlungsschritt den Schritt der Verbesse- 
rung der Magnetisierbarkeit der Erythrozyten durch Hinzufugen eines zweiten magnetischen Teilchens mit Bin- 
dungsaffinitat fur Erythrozyten zu einer der ersten und zweiten Flussigkeitsproben umfasst. 

49. Verfahren nach Anspruch 47 Oder 48. umfassend den Schritt des Hinzufugens einer bekannten Menge eines dritten 
magnetischen Teilchens mit einer magnetischen Eigenschaft, die der der durch Behandlung magnetisch reagie- 
renden Erythrozyten entspricht. zu einer der ersten und zweiten Flussigkeitsproben, und dadurch gekennzeich- 
net, dass der ZShlschritt das ZShlen der gegen die Fangkonstruktion immobilisierten dritten magnetischen Teilchen 
umfasst. 

50. Verfahren nach Anspruch 47 bis 49, umfassend den Schritt des Bestimmens auf Basis der Zahlung zumindest 
. eines der Parameter HSmoglobingehalt, Hamatokrit, mittleres Zellvolumen, mittlere Hamoglobinkonzentration und 

Erythrozytenzahl. 



Revendications 

1. Appareil pour observer des entitle microscopiques magn^tosensibles en suspension dans un milieu fluide, 
comprenant: 

un recipient ayant une parol transparente et une chambre form6e k i'int^rieur pour contenir le milieu fluide; 
une structure de capture ferromagn^tique form^e sur la parol transparente au moyen d'un processus litho- 
graphique; et 

un moyen magn6tique pour induire un gradient magn6tique interne k proximity de la structure de capture 
ferromagn6tique. qui permette d'immobillser les entit6s magn6tosensibles le long de la paroi adjacente k la 
structure de capture. 

2. Appareil selon la revendication 1 , dans lequel le recipient comprend une entree de fluide et une sortie de fluide 
pour guider un flux de fluide k travers le recipient. 

3. Appareil selon la revendication 2, comprenant un moyen d'alimentation en fluide reli6 k i'entr6e de fluide pour 
d^livrer en sequence une plurality de r^actifs k I'entr^e de fluide. 

4. Appareil selon I'une quelconque des revendications 1 k 3, dans lequel la structure de capture ferromagn6tique 
comprend une plurality de lignes ferromagn6tiques ayant un diam6tre efficace inf6rieur k 30 ^m. 
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5. Appareil selon Tune quelconque des revendications 1 k 4, dans lequel le moyen magn6tique est configure pour 
appliquer un gradient externa au recipient afin de transporter des entit^s qui se trouvent dans le recipient dans la 
direction de la structure de capture. 

5 6. Appareil selon I'une quelconque des revendications 1 ^ 5, comprenant un syst^me d'observation .optique automa- 
tism pour dmtecter et ^num^rer tes entit^s immobllis6es. 

7. Appareil selon la revendlcatlon 6, dans lequel le syst^me d'observatlon automatls6 comprend : 

^0 un d^tecteur optique pour d^tecter lesdites entit^s immobilis^es; et 

un moyen de poursuite pour balayer le d^tecteur optique parall^lement aux lignes ferromagn^tiques. 

8. Appareil pour observer des entit^s microscopiques magn6tosensibles en suspension dans un milieu fluide, 
comprenant : 

15 

un recipient ayant une parol transparente dans lequel est form^e une chambre pour contenir le milieu fluide; 
une structure de capture ferromagn^tique support^e sur la paroi transparente; 

un moyen magn^tique pour induire un gradient magn6tique interne k proximity de la structure de capture 
ferromagn^tique, qui permette d'immobillser les entit^s magn^tosensibles le long de la paroi adjacente k la 
20 structure de capture; et 

un systfeme d'observatlon optique automatis6 pour d(§tecter et 6num6rer les entlt6s lmmobills6es. 

9. Appareil selon la revendication 8, dans lequel le syst^me d'observatlon automatism comprend : 

25 un d6tecteur optique pour d6tecter lesdites entit6s immobilis6es; et 

un moyen de poursuite optique pour balayer le d^tecteur optique le long de la structure de capture. 

10. Appareil selon la revendication 8, dans lequel le syst6me d'observatlon automatis6 comprend un support vibrant 
pour supporter et faire vibrer s^lectivement le recipient. 

30 

11. Appareil selon la revendication 10, dans lequel le support vibrant comprend un vibreur pidzo6lectrique. 

12. Appareil pour observer des entit6s microscopiques magn§tosensibles en suspension dans un milieu fluide, 
comprenant : 

35 

un recipient ayant une paroi transparente dans lequel est form^e une chambre form^e pour contenir le milieu 

fluide; 

une structure de capture ferromagn6tique support^e sur la paroi transparente; 

un moyen magn^tlque pour induire un gradient magn6tlque interne k proximity de la structure de capture 
^0 ferromagn6tique et pour appliquer un gradient externe perpendiculairement k la structure de capture ferro- 

magn^tique, qui permette de transporter et d'immobillser les entit^s magn^tosensibles le long de la paroi 
adjacente k la structure de capture. 

13. Appareil selon la revendication 12, dans lequel le moyen magn6tique comprend une paire d'aimants ayant des 
45 surfaces polaires coniques positionnees pour former un intervalle entre elles afin de recevoir le recipient. 

14. Appareil selon les revendications 12 et 13, dans lequel la structure de capture ferromagn6tlque comprend une 
plurality de lignes ferromagn6tiques ayant un diam^tre efficace inf6rleur k 30 ^im. 

50 15. Appareil selon la revendication 14. dans lequel les lignes ferromagn^tiques sont support^es sur la paroi par ad- 
herence. 

16. Appareil selon la revendication 15, dans lequel les lignes ferromagn^tiques sont form^es sur la paroi au moyen 
d'un proc4d§ lithographique. 

55 

17. Proc6d6 d'immobilisatlon d'entit^s magn^tosensibles en suspension dans un milieu fluide pour une observation, 
comprenant les 4tapes suivantes : 
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la mise en oeuvre d'un recipient ayant une chambre avec une parol transparente et une structure de capture 
ferromagn^tique support^e sur la parol; 
I'introductlon du milieu flulde dans la chambre; . 

rappllcation d'un champ magn6tlque h la chambre pour Induire un gradient magn6tique Interne k proximlt6 
de la structure de capture ferromagn6tique; et 

I'observatlon des entit^s magn^tosensibles maintenues contre la parol adjacente k la structure de capture 
ferromagn^tique. 

18. Proc6d6 selon la revendicatlon 17, dans lequel la structure de capture ferromagn^tique comprend une plurality 
d'6l6ments ferromagn^tiques Iln6aires et ladite 6tape d'observation comprend l'6tape de balayage le long des 
^l^rinents ferromagn^tlques tin^alres avec un syst^me de detection optique automatism. 

19. Proc6d§ selon la revendicatlon 17, dans lequel ladite 6tape d'observation comprend r^tape d'6num6ration des 
entlt^s magn^tosensibles. 

20. Proc§d§ selon I'une quelconque des revendlcatlons 17 k 19, dans lequel ladite 6tape d'appllcation comprend 
rmtape d'orientatlon du recipient pour positionner la structure de capture ferromagn6tique en dessous de la cham* 
bre de sorte que les entit6s magn6tosensibles sont transportees vers la structure de capture sous I'influence de 
la gravity. 

21. Proc^dd selon I'une quelconque des revendlcatlons 17^19. dans lequel I'^tape d'applicatlon comprend rappllca- 
tion d'un gradient magn6tlque externe au recipient pour transporter les entlt6s magn^tosenslbles vers la structure 
de capture. 

22. Proc^d^ d'immobilisatlon d'entit^s microscopiques magn^tosensibles, comprenant les stapes sulvantes : 

la mise en oeuvre d'un recipient ayant une chambre avec une parol transparente et une structure de capture 
ferromagn6tique support6e sur la parol; 
rintroduction du milieu fluide dans la chambre; 

I'application d'un champ magn6tlque ayant un gradient externe k la chambre pour induire un gradient magn6- 
tique Interne k proxlmlt6 de la structure de capture ferromagn6tique et pour transporter les entlt6s magn§to- 
sensibles vers la structure de capture; 

la collecte desdites entit6s magn^tosensibles dans une monocouche Iin6aire contre la parol et adjacente ci la 
structure de capture ferromagn6tique; et 

I'observatlon des entlt^s magn^tosensibtes maintenues contre la parol adjacente k la structure de capture 
ferromagn6tique. 

23. Proc6d6 de dlff6renciation de substances biologiques d'au molns un premier et un deuxi^me type dans un 6chan- 
tillon de fluide, comprenant les stapes sulvantes : 

le marquage des premier et deuxl^me types de substances biologiques avec des marqueurs respectlfs pour 
produire des caract6ristiques optlques distinctes; 

I'addition k I'^chantillon de fluide d'un ferrofluide ayant une affinity de liaison pour les substances biologiques 
des premier et deuxi^me types; 

la mise en place de r6chantillon de fluide dans un recipient de s6paration ayant une parol transparente d6fi- 
nissant un c6t6 d'une chambre et ayant une structure de capture ferromagn^tique support6e le long de la parol; 
le positionnement du recipient dans un champ magn6tique pour induire un gradient interne k proximity de la 
structure de capture sufflsant pour immobiliser les substances biologiques des premier et deuxl6me types le 
long de la parol adjacente k la structure de capture; et 

I'obsen/ation des caract^ristiques optlques distinctes des premier et deuxl^me types respectlfs de la substance 

biologique. 

24. Proc6d6 selon la revendicatlon 23, dans lequel ladite 6tape de marquage comprend : 

I'addition k I'^chantlllon de fluide de premier et deuxi^me marqueurs optiques permettant de produire des 
r^ponses optiques distinctes ci partir de substances biologiques d'un premier type et d'un deuxidme type res- 
pectlfs; 

et dans lequel ladite ^tape d'observation comprend I'^tape d'exposition du recipient k un rayonnement optique 
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qui est k mSme de produire lesdites r^ponses optiques distinctes. 

25. Proc6d6 selon la revendication 23 ou 24, dans lequel les premiere et deuxi^me substances biologiques sont des 
types de cellules de sous-populations de leucocytes respectives. 

26. Proc6d6 selon la revendication 25, dans lequel les sous-populations de leucocytes comprennent des leucocytes 
vivants et morts respectifs. 

27. Proc^d^ selon la revendication 23 ou 24, dans lequel les premiere et deuxl^me substances biologiques sont des 
premiere et deuxidme sous-populations respectives de globules rouges. 

28. Proc6d6 selon la revendication 23 ou 24, dans lequel les premiere et deuxl^me substances biologiques sont des 
types de cellules de sous-populations respectives de plaquettes. 

29. Proc6d6 selon la revendication 23, dans lequel ladite 6tape d'observation comprend Tobservation de formes dis- 
tinctes des premier et deuxi^me types respectifs des substances biologiques. 

30. Proc6d6 selon la revendication 23, dans lequel lesdites substances biologiques sont des types de cellules et ladite 
6tape d'observation comprend la numeration des cellules immobills6es des premier et deuxidme types et la de- 
termination d'un rapport de substances immobilisees par rapport k la surface nette des cellules immobilisees. 

31 . Proc^de selon la revendication 23, comprenant les stapes suivantes : 

la dilution de rechantillon de fliiide avec un diluant contenant un colorant formant membrane fluorescente; et 

dans lequel ladite etape d'observation comprend la mesure de la fluorescence issue des cellules Immobili- 
s^es pour determiner la surface proportlonnee des cellules immobilisees. 

32. Precede selon I'une quelconque des revendications 23 ^ 31 , comprenant retape d'acheminement de flux s6quen- 
tiels de reactifs k travers le recipient pour produire les reponses optiques distinctes. 

33. Precede selon la revendication 32, dans lequel les substances biologiques sont des cellules respectives de sous- . 
populations de cellules distinctes, le precede comprenant retape de permeabilisation des membranes des cellules 
avant d'achemlner les flux sequentiels de reactifs k travers le recipient. 

34. Precede selon la revendication 32 ou 33, dans lequel les flux sequentiels de reactifs comprennent des flux se- 
quentiels de reactifs pour produire des reponses optiques fluorescentes distinctes et dans lequel ladite etape 
d'observation comprend nilumination des cellules immobillsees par une illumination choisie pour produire lesdites 
reponses fluorescentes distinctes. 

35. Precede selon la revendication 23, dans lequel ladite substance biologique comprend des cellules et ladite etape 
d'observation comprend la realisation in situ d'une hybridation des cellules immobillsees. 

36. Precede d'identification de sous-populations immunophenotypiques de substances biologiques en suspension 
dans un milieu fluide, comprenant les etapes suivantes : 

Taddition au milieu fluide d'une quantite de particules magnetosensibles ayant une affinite de liaison pour les 
substances biologiques; 

I'addition au milieu fluide d'une pluralite de sondes ayant des fluorochromes distiricts respectifs; 

la mise en place du milieu fluide dans un recipient de separation ayant une parol transparente definissant un 

cdte d'une chambre et ayant une structure de capture ferromagnetique le long de la parol; 

le positionnement du recipient dans un champ magnetique pour induire un gradient interne k proximite de la 

structure de capture suffisant pour immobiliser les substances biologiques le long de la parol adjacente k la 

structure de capture; . 

i'exposition du recipient k un rayonnement optique pour §tre k m§me d'exciter au moins un des fluorochromes 

choisis; et 

robsen/ation de la reponse optique du fluorochrome choisi. 
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37. Proc^d^ pour diff^rencier des sous-populations de globules rouges dans uh ^chantillon de f lulde, comprenant les 
6tapes suivantes : 

on rend les globules rouges de r^chantillon de fluide magn^tosensibles; 
5 on place I'^chantillon de fluide dans un recipient de separation ayant une parol transparente d6finissant un 

cdte d'une chambre et ayant une structure de capture ferromagn^tique support^e le long de la parol; 

on positionne le recipient dans un champ magn^tique pour magn6tiser les globules rouges magn6tosensibles 

et pour induire un gradient interne k proximity de la structure de capture sufflsant pour attirer et immobiliser 

les cellules le long de la paroi adjacente k la structure de capture; et 
10 on observe les globules rouges immobilises adjacents k la structure de capture. 

38. Precede selon la revendication 37, dans lequel retape visant les globules rouges magnetosensibles comprend 
retape de marquage des globules rouges par des particules magnetisables. 

15 39. Procede selon la revendication 38, dans lequel les particules magnetisables sont ci meme de se tier k un deter- 
minant caracteristlque d'au moins une sous-population de globules rouges. 

40. Precede selon la revendication 39, dans lequel les particules magnetisables comprennent au moins une substance 
de liaison cholsle dans le groupe constltue de la.CD71 , de la glycophorlne A et de la transferrlne! 

20 

41. Procede selon Tune quelconque des revendications 37 k 40, dans lequel retape d'observatlon comprend la nu- 
meration des sous-populations de globules rouges ayant des formes distlnctes respectives. 

42. Procede selon Tune quelconque des revendications 37 k 41, comprenant les etapes suivantes : 

25 

la dilution de rechantillon de fluide avec un diluant contenant un colorant fomiant membrane fluorescente; et 
dans lequel ladite etape d'observatlon comprend la mesure de la fluorescence des cellules immobilisees pour 
determiner la surface proportlonnee des cellules immobilisees. 

30 43. Precede de realisation d'une analyse quantitative de cellules dans un premier milieu fluide, comprenant les etapes 
suivantes: 

I'additlon au premier milieu fluide d'un premier marqueur comprenant une quantite connue de premieres par- 
ticules magnetosensibles; 

35 i'additlon au premier milieu fluide d'une quantite de deuxidmes particules magnetosensibles ayant une affinlte 

de liaison pour les cellules; 

la mise en place du premier milieu fluide dans un separateur magnetique pour separer les entites magneto- 
sensibles d'autres composants du premier milieu fluide; 

la remise en suspension des entites magnetosensibles separees dans un deuxieme milieu fluide; 
^0 la numeration de la quantite du premier marqueur et des cellules dans le deuxieme milieu fluide pour deter- 

miner la concentration des cellules dans le premier milieu fluide, ladite etape de numeration comprenant les 
etapes suivantes : 

la mise en place du deuxieme milieu fluide dans une chambre d'un recipient de separation ayant une 
45 parol transparente et une structure de capture ferromagnetique supportee le long de la paroi; 

le positionnement du recipient de separation dans un champ magnetique pour generer un gradient ma- 
gnetique interne k proximlte de la structure de capture ferromagnetique; et 

la numeration des cellules immobilisees centre la paroi transparente adjacente k la structure de capture 
ferromagnetique. 

50 

44. Precede selon la revendication 43, comprenant les etapes suivantes : 

Taddition au premier milieu fluide d'un deuxieme marqueur comprenant une quantite connue de troisiemes 
particules magnetosensibles ayant un moment magnetique k peu pres egal k celui des cellules liees; et 
55 dans lequel ladite etape de numeration comprend retape de numeration de la quantite du deuxieme marqueur 

dans le deuxieme milieu fluide comme mesure de Tefficacite de la separation magnetique. 

45. Precede selon la revendication 43 ou 44, comprenant I'etape de preparation du deuxieme marqueur en mettant 
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en oeuvre une quantity de partlcules non magn6tosensibles portant un agent de liaison pour les deuxi^mes par- 
ticules magn^tosensibles. 

46. Proc6d6 selon la revendication 43, dans lequel I'^tape de numeration comprend l'6tape de d6livrance du deuxifeme 
milieu fluide a un cytom^tre en flux. 

47. Proc6d6 de mesure d'un param6tre h6matologique d'un 6chantillon de fluide contenant des globules rouges, com- 
prenant les 6tapes sulvantes : 

on dilue un premier 6chantillon de fluide comprenant du sang avec un diluant contenant une quantity connue 

de premieres partlcules magn6tiques pour obtenir un deuxi§me 6chantillon de fluide; 

on rend les globules rouges des premier et deuxi^me ^chantillons de fluide magn^tosensibles; 

on place le deuxi^me 6chantillon de fluide dans une chambre d'un recipient de separation ayant une parol 

transparente et une structure de capture ferromagn6tique support6e le long de la parol; 

on positionne le recipient de separation dans un champ magnetique pour magnetiser les globules rouges et 

generer un gradient magnetique interne ^ proximite de la structure de capture ferromagnetlque; et 

on effectue la numeration des globules rouges et des premieres particules magnetiques immobilisees centre 

la parol transversale adjacente ci la structure de capture ferromagnetique. 

48. Precede selon la revendication 47, dans lequel retape visant ^ rendre les globules rouges magnetosensibles 
comprend retape de renforcement de la capaclte magnetlque des globules rouges en ajoutant k Tun des premier 
et deuxieme echantillons de fluide une deuxieme particule magnetlque ayant une affinite de liaison pour les glo- 
bules rouges. 

49. Procede selon la revendication 47 ou 48, comprenant retape d'addition k I'un des premier et deuxieme echantillons 
de fluide d'une quantlte connue d'une troisieme particule magnetlque ayant une caracteristique magnetique com- 
parable k celle des globules rouges rendus magnetosensibles; et dans lequel ladite etape de numeration comprend 
la numeration de troisiemes particules magnetiques immobilisees adjacentes k la structure de capture. 

50. Precede selon I'une quelconque des revendications 47 k 49, comprenant I'etape de determination, en se basant 
sur ladite numeration, d'au moins Tun des parametres de la teneur en hemoglobines, de I'hematocrite, du volume 
corpusculaire moyen, de la concentration moyenne en hemoglobine et du nombre de globules rouges. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to apparatus and meth- 
ods for the enumeration, examination, and manipulation 
of particulate entitles, especially biological particles 
such as cells, which involve labelling with magnetically 
responsive particles. 

BACKGROUND OF THE INVENTION 

[0002] A magnetic material or magnetic dipole will 
move in a magnetic field gradient in the direction of in- 
creasing magnetic field strength. Magnetic gradients 
employed In fluid separations are broadly divided into 
two categories. Internal magnetic gradients are formed 
by inducing magnetization in a susceptible material 
placed in the Interior of a separation vessel. External 
gradients are formed by an externally positioned mag- 
netic circuit. 

[0003] In the case of a simple rectangular bar magnet, 
for example, field lines which form magnetic circuits con- 
ventionally move from North to South and are easily vis- 
ualized with Iron filings. From this familiar experiment In 

' elementary physics It will be recalled that there is greater 
intensity of field lines nearest the poles. At the poles, 
the edges formed at the Intersections of the sides and 
faces of the bar will display an even greater density or 
gradient. Thus, a steel ball placed near a bar magnet is 
first attracted to the nearest pole and next moves to the 
region of highest field strength, typically the closest 
edge. For magnetic circuits, any configuration which 
promotes Increased or decreased density of field lines 
will generate a gradient. In opposing magnet designs, 

. such as N-S-N-S quadrupole arrangements, opposing 
North poles or opposing South poles will have field lines 
such that in the center of such an arrangement there will 
be zero field. From the circuits that result from a North 
pole being opposite to each adjacent South pole, such 
arrangements generate radial magnetic gradients. 
[0004] Internal high gradient magnetic separators 
have been employed for nearly 50 years for removing 
weakly magnetic materials from slurries such as in the 
kaolin Industry, or for removing nanoslzed magnetic ma- 
terials from solution. (See Kolm, Scientific American, 
Nov., 1975). In an internal high gradient magnetic sep- 
arator, a separation vessel is positioned in a uniform 
magnetic field. A ferromagnetic structure is positioned 
within the vessel in order to distort the magnetic field 
and to generate an "internal" gradient In the field. Typi- 
cally, magnetic grade stainless steel wool is packed in 
a column which is then placed in a uniform magnetic 
field which induces gradients on the steel wool as in U. 
S. Patent No. 3,676,337 to Kolm. Gradients as high as 
200 kGauss/cm are easily achieved. The magnitude of 
the field gradient in the vicinity of a wire is inversely re- 
lated to. the wire diameter. The spatial extent of the high 



gradient region is proportionally related to the diameter 
of the wire. As will be explained below, collection of mag- 
netic material takes place along the sides of the wire, 
perpendicular to the applied magnet field lines, but not 
5 on the sides tangent to the applied field. In using such 
a system, material to be separated is passed through 
the resulting magnetic "filter". Then, the collected mate- 
rial is washed, and the vessel is moved to a position out- 
side the field where magnetic materials are removed, 
10 allowing the collector to be reused. 

[0005] Various attempts have been made to perform 
continuous (non-cycle) high gradient magnetic separa- 
tion. Improvements include flow-through devices with 
fluctuating fields to separate magnetic material from 
15 non-magnetic material, as in U.S. Patent No. 3,902.994 
to Maxwell. Removable screens of ferromiagnetic mate- 
rial are also well known in the art as in U.S. Patent No. 
4,209,394 to Kelland. Other flow-through devices are 
described in U.S. Patent Nos. 4,261 ,81 5 and 4,663,029 
to Kelland, U.S. Patent No. 4,526,681 to Friedlaender. 
et al., and commonly owned U.S. patent No. 5,622,831 
to Wang & Liberti. 

[0006] A method and apparatus for separating cells 
and other fragile particles is described by Graham, et al 
in U.S. Patent No. 4,664,796. The apparatus contains 
a rectangular chamber within a cylinder. One pair of op- 
posing sides of the chamber are made of non-magnetic 
material, while the other sides are made of magnetic 
material. The flow chamber is packed with a magneti- 
cally responsive interstitial separation matrix of steel 
wool. The material to be separated Is passed through 
the chamber, which is positioned in a uniform magnetic 
field. During separation, the chamber is aligned in the 
magnetic field such that the magnetic sides of the cham- 
ber are parallel to the applied field lines, thus Inducing 
a high gradient about the interstitial matrix in the cham- 
ber. When the chamber is in this position, magnetically 
labeled cells are attracted to the matrix and held there- 
on, while the non-magnetic components are eluted. The 
chamber is then rotated, so that the magnetic sides face 
magnets, which "shunts" or "short-circuits" the magnetic 
field, reclines the gradients in the flow chamber, and al- 
lows the particles of interest to be removed by the shear- 
ing force of the fluid flow. 

[0007] Other Internal magnetic separation devices 
are known. Commonly owned U.S. Patent No. 
5,200,084 discloses the use of thin ferromagnetic wires 
to collect magnetically labeled cells from solution. U.S. 
Patent No. 5,411,863 to Miltenyi discloses the use of 
coated steel wool, or other magnetically susceptible ma- 
terial to separate cells. U.S. patent No. 5,662,831 by Lib- 
erti and Wang discloses an internal HGMS device useful 
for the immobilization, observation, and performance of 
sequential reactions involving cells. 
[0008] Turning to the magnetic particles used in such 
collection devices, over the last twenty years, superpar- 
amagnetic materials have become the backbone of 
magnetic separations technology in a variety of health- 
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care and bioprocessing applications. Such materials, 
ranging In size from 25 nm to 100 |im, are characterized 
in that they are only magnetic when placed in a magnetic 
field. Once the field is removed, they cease to be mag- 
netic and can normally easily be dispersed into suspen- 5 
sion. The basis for superparamagnetic behavior is that 
such materials contain magnetic cores smaller than 
20-25 nm in diameter, which is estimated to be less than 
the size of a magnetic domain. A magnetic domain is 
the smallest volume in which a permanent magnetic di- 
pole exists. Magnetically responsive particles can be 
formed about one or more such cores. The magnetic 
material of choice is magnetite, although other transition 
element oxides and mixtures thereof having appropriate 
particle size exhibit such superparamagnetic behavior. 
[0009] Magnetic particles of the type described above 
have been used for various applications, particularly in 
health care, e.g. immunoassay, cell separation and mo- 
lecular biology. Particles ranging from 2 fim to 5 fim are 
commercially available from Dynal. These particles are 
composed of spherical polymeric materials into which 
magnetic crystallites have been deposited. These par- 
ticles because of their magnetite content and size, are 
readily separated in relatively low external gradients 
(0.5 to 2 kGauss/cm). Another similar class of materials 25 
are particles manufactured by Rhone Poulenc which 
typically are produced in the 0.75 ^m range. Because 
of their size, they separate more slowly than the Dynal 
beads in equivalent gradients. Another class of particu- 
late magnetic material is available from Advanced Mag- so 
netics. These particles are basically clusters of magnet- 
ite crystals, about 1 ^m in size, which are coated with 
amino polymer sllane to which bioreceptors can be cou- 
pled. These highly magnetic materials are easily sepa- 
rated in gradients as low as 0.5 kGauss/cm. Due to their 35 
size, both the Advanced Magnetics and Rhone Poulenc 
materials remain suspended in solution for hours at a 
time. 

[0010] There is a class of magnetic particles which 
has been appjied to bioseparations and which have "^o 
characteristics which place them in a distinct category 
from those described above. These are nanosized col- 
loids (see U.S. Patent Nos. 4,452.773 to Molday; 
4,795,698 to Owen, et al; 4,965,007 to Yudelson; 
5.51 2,332 to Liberti & Piccoli and U.S. 5.597,531 to Lib- 45 
erti et al. and U.S. patent 5,698,271 to liberti et al). They 
are typically composed of single crystal to multi-crystal 
agglomerates of magnetite coated with polymeric mate- 
rial which make them compatible with aqueous liquids. 
Individual crystals range in size from 8 to 15 nm. The so 
coatings of these materials have sufficient Interaction 
with solvent water to keep them permanently in a colloi- 
dal suspension. Typically, well coated particles below 
150 nm will show no evidence of settling for as long as 
6 months. These materials have substantially all the ss 
properties of ferrofluids. 

[0011] Because of the particle size and strong inter- 
action with solvent water, substantial magnetic gradi- 



ents are required to separate ferrofluids. It had been 
customary in the literature to use steel wool column ar- 
rangements, such as described above, which generate 
100-200 kGauss/cm gradients. However, it was subse- 
quently observed that such materials form "chains" (like 
beads on a string) in magnetic fields, thus allowing sep- 
aration in gradient fields as low as 5 or 10 kGauss/cm. 
This observation led to development of separation de- 
vices using large gauge wires which generate relatively 
low gradients. Large gauge wires can be used to cause 
ferrofluids to produce uniform layers upon collection. By 
controlling amounts of ferrofluid in a system, a monol- 
ayer can be formed. Magnetically labeled cells can thus 
be made to form monolayers as described in commonly 
owned U.S. Patent Nos. 5,186,827 and 5,466,574. 
[0012] Analysis of the cellular composition of biologi- 
cal fluids is used in the diagnosis of a variety of diseases. 
Microscopic examination of cells smeared or deposited 
on slides and cytochemlcally stained has been the tra- 
ditional method for cell analysis. Introduction of imped- 
ance based cell counters In the late 1 950's has led to a 
major advance in the accuracy of cell enumeration and 
cell differentiation. Since then various other technolo- 
gies have been introduced for cell enumeration and dif- 
ferentiation such as Flowcytometry, Fluorescence Acti- 
vated Cell Sorting, Quantitative Buffy Coat Analysis, 
Volumetric Capillary Cytometry, Laser Scanning Cytom- 
etry and various image analysis systems. Fluorescence 
based flowcytometry has dramatically improved the 
ability to discern different cell types In heterogeneous 
cell mixtures. This technique Is commonly used, for ex- 
ample, to measure the absolute and relative number of . 
cells in a specific subset of leukocytes in blood. In prac- 
tice, a blood sample is drawn and incubated with a flu- 
orescently labeled antibody specific for this subset. The 
sample is then diluted with a lysing buffer, optionally in- 
cluding a fixative solution, and the dilute sample is an- 
alyzed by flow cytometry. This procedure for analysis 
can be applied to many different cell surface antigens. 
Simultaneous assessment of multiple parameters of in- 
dividual cells which pass the measurement orifice of a 
flow cytometer at a speed of up to 1 ,000 to 1 0,000 cells/ 
sec is indeed a powerful technology. However, there are 
limitations on this technology, such as the inability to 
conveniently accommodate high cell concentrations (e. 
g., blood needs to be diluted), impracticality of the de- 
tection of infrequent or rare cells, and the inability to re- 
examine the cells of interest. In such situations, the tirne 
needed for the flow cytometer to analyze these samples 
becomes extremely long, thus decreasing the sample 
throughput. In addition, the settling of cells in the sample 
tube will occur during this time and require continuous 
mixing of the sample. To overcome these limitations, 
clinical samples to be analyzed are typically subjected 
to various enrichment techniques such as erythrocyte 
lysis, density separation, immunospecific selection or 
depletion of cell populations prior to analysis by flow cy- 
tometry. 
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[001 3] Coated surfaces have been used for many re- 
search and clinical applications over the last several 
decades. Coated plates, reaction vessels, and tubes are 
well-known in the art. Coated surfaces have found par- 
ticular use in immunoassays, and have seen wide usage 5 
since the 1960's, starting with radioimmunoassays. 
Coated cup assays remain common in many of the clin- 
ical analyzers in laboratory use today, such as the VIT- 
ROS ECl, Cyber-fluor, Delfia and the ES-300 systems. 
See also U.S. Patent 4,376,110. Advantages of coated io 
cup assays Include that they provide a single, essential- 
ly homogeneous layer of analyte for analysis, which will 
withstand vigorous wash steps and result in low non- 
specific binding. 

[0014] Commonly owned WO 97/07243, based.onU. is 
S. patent application 08/516,694 to Rao & Liberti, re- 
lates to the use of a coated surface combined with a 
magnetic immunoassay. Magnetically collected materi- 
al is immobilized on a coated surface through a specific 
binding pair reaction. The specific binding pair is borne 20 
upon the magnetic particle, which results in the non-re- 
orientation of the magnetically collected material, when 
such particles are perturbed by sample removal or buff- 
er addition and removal. The formation of a monolayer 
of magnetic material upon the coated surface is also fa- 25 
cilitated, which reduces trapping of potentially sjgnal-in- 
terfering substances. As a result, resuspension during 
washing or during signal readout is not required. Addi- 
tionally, since the binding pair is adhered to the magnetic 
particle, all magnetic particles become bound to the 30 
coated surtace, which prevents the loss of particles dur- 
ing washing, resulting in higher signal. However, in the 
separation of other biological material, such as cells, 
other concerns must be taken into accoijnt. Sample siz- 
es are generally larger than in immunoassay, requiring 35 
larger volumes of magnetic material. Additionally, cells 
are much larger than the analytes in immunoassays, 
thus requiring larger amounts of magnetic particle rea- 
gents in order to convey the cell In the magnetic field. 
Increased amounts of such reagents are also required 40 
to drive the binding reaction, resulting In significant ex- 
cesses of magnetic material. The sample volume reduc- 
tion needed to concentrate the cells for analysis also re- 
sults in an increase in the concentration of magnetic par- 
ticle reagents. Such a large excess of material tends to "^5 
obscure the microscopic examination of cells and inhib- . 
its their further analysis. 

[0015] Other cytological techniques involve cell dep- 
osition on a slide for microscopic analysis. Sample prep- 
aration for these techniques include cell centrifuges, the so 
Cytoshuttle. sorting of cells by Fluorescence Activated 
Cell Sorting (FACS), or other cytometric techniques by 
which target cells are separated after analysis/identifi- 
cation, such as B-D's FACS Sort. Cell centrifuges are 
sold by several companies, including Shandon Lipshaw ss 
and StatSpln. In these systems, a centrifuge is used to 
deposit a cell sarnple on a microscope slide. However, 
drawbacks of the system include cell loss in the centrif- 



ugation step and the inability to selectively deposit target 
cells onto a slide. A pre-selection of cells is required in 
such cases. A pre-selection is also required for the Cy- 
toshuttle, available from Cancer Diagnostics, which us- 
es a filter to collect cells on special filter.papar. The cells 
collected on the filter paper are then transferred to a mi- 
croscope slide for analysis. Cell loss is also a problem 
with the Cytoshuttle. 

[0016] Cell sorting additions to flow cytometers have 
been sold by Becton-Dickinson (B-D), Coulter, and Or- 
tho. Shapiro's Practical Flow Cytometry . {3rd ed. Wiley- 
Liss, NY, 1995) provides a comprehensive description 
of the theory behind this apparatus. Basically, there are 
two types of sorters, droplet and fluidic. The droplet sort- 
ers include FACSVantage (B-D), MoFlo (Cytomation) 
and EPICS (Coulter), which divide the fluid stream into 
individual charged droplets, some of which contain cells. 
Charged plates deflect the droplets into one or two 
streams from which they can be collected. In fluidic sort- 
ers, such as the FACS Sort (B-D), a mechanical arm is 
placed in the fluid stream. When a target cell passes, 
the arm is extended into the sample stream, capturing 
the fluid containing the target cell and then moving back 
to its original position in the fluid stream. Since the arm . 
is placed in the fluid stream, a coritinuous flow of fluid 
is collected along with the target cell, resulting in a con- 
siderable dilution of the target cells. 
[001 7] The ability to deposit target cells in specific po- 
sition for analysis has been described by Stovel & Sweet 
(J Hitochem & Cytochem. 27: 284-288 (1979)) and is 
commercially available as B-D's Accurate Cell Deposi- 
tion Unit (ACDU). The ACDU is an option added to a 
droplet sorter which allows sorting of cells into a micro- 
liter well or onto a microscope slide. The slide is guided 
via computer control to capture target cells on a pre- 
defined region of the slide. Thus, one is able to seques- 
ter individual cells on a portion of a microscope slide, 
although it is difficult to maintain cell integrity and mor- 
phology. However, in the Stovel & Sweet system, the 
cells are sorted into individual "splash circles" with a 270 
micron diameter, making it relatively difficult to locate a 
single cell within this large diameter. Additionally, not all 
cells which fall within the sort gate of the scatterplot are 
actually deposited on the slide, and it is.thus impossible 
to correlate the individual deposited ceils to the cells in 
the sort gate. This problem has been overcome by add- 
ing an additional analysis point to determine if the gated 
cell was actually successfully sorted. This system has 
been used to index cells sorted into microtiter wells. See 
Terstappen et al., "Characterization of Human Primitive 
Hematopoietic Stem Cells", presented at Joint Interna- 
tional Workshop on Foetal and Neonatal Hematopoiesis 
and Mechanisms of Bone Marrow Failure, April 3-6, 
1995, Paris. Despite these features, droplet sorting is 
inherently more complex than fluidic sorting and such 
instruments could not practically be used in a clinical 
setting, even with highly trained technicians. 
[0018] Fluidic sorters of the type described in U.S. 
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Patent 5,030,002 to North are relatively easy to maintain 
and operate, but they have their own set of drawbacks. 
The mechanical arm is positioned In the fluid stream and 
liquid Is continuously collected by the arm. A target cell 
is caught when the arm moves into the sample stream. 
The sheath fluid rate thus determines the collection vol- 
ume. For example, when the contents of a 500 \i\ sample 
has to be sorted, it will take approximately 500 seconds 
(sample flow 1 \i\/sec.) and will produce a total volume 
of about 50 ml (sheath fluid rate of 1 8 ml/min. and catch- 
er arm rate of 6 ml/min.)- Irrespective of the number of 
captured cells, the volume will be approximately 50 ml. 
[001 9] From the foregoing discussion, it will be appre- 
ciated that a need exists for apparatus and methods 
which are capable of efficiently and effectively separat- 
ing magnetically labeled particles, such as cells, from a 
fluid medium, Including whole blood or sheath fluid, re- 
sulting in the capture of the cells of interest in a pre- 
determined pattern on a non-magnetic capture surface, 
such as a microscope cover slip. 

SUMMARY OF THE INVENTION 

[0020] The present invention provides apparatus and 
methods for the collection and Immobilization of partic- 
ulate entities, especially those of biological origin, such 
as cells. 

In accordance with the invention the particulate entities 
are labelled with magnetically responsive particles and 
collected on a collection surface, followed by immobili- 
zation on the collection surface as a result of an inter- 
action between the members of a specific binding pair, 
one member of which Is uniformly or non-uniform ly af- 
fixed to the collection surface, and the other member of 
which is associated with the particulate entitles sought 
to be Immobilized. 

A method according to the invention for the Immobiliza- 
tion of non-magnetic target particulate entities on a col- 
lection surface via binding between the members of a 
specific binding pair, said target particulate entities be- 
ing present in a mixture with at least one other non-mag- 
netic substance, said method comprising: 

(a) attaching magnetically responsive particles to 
said target particulate entities to form magnetically 
tabielled composites; 

(b) providing a magnetic field; 

(c) disposing said collection surface in said magnet- 
ic field, at least a portion of said collection surface 
having affixed thereto one member of said specific 
binding pair; 

(d) adhering said magnetically labelled composites 
to said collection surface under the influence of said 
magnetic field; 



(e) subjecting said adhered magnetically labelled 
composites to conditions promoting reaction be- 
tween the members of said specific binding pair; 
and 

5 

(f) removing any excess magnetically labelled com- 
. posltes and non-magnetic substance present on 

said collection surface to yield said magnetically la- 
belled composites immobilized on said collection 
10 surface; 

is characterised in that the other member of said specific 
binding pair is associated with said non-magnetic target 
particulate entities rather than with said magnetic label, 
and in that a magnetic field gradient having a predeter- 
mined pattern is produced on the portion of said collec- 
tion surface affixing said other specific binding pair 
member, whereby said magnetically labelled compos- 
ites adhere to said collection surface under the influence 
of said magnetic field gradient and, after the removal of 
any excess magnetically labelled composites and non- 
magnetic substance present on said collection surface, 
said magnetically labelled composites are retained im- 
mobilized on said collection surface In said predeter- 
mined pattern. 

Preferably, ferromagnetic localisation means is posi- 
tioned relative to said collection surface such that said 
magrietic field gradient having a predetermined pattern 
is set up. 

Apparatus according to the Invention for Immobilization 
of magnetically labelled composites, formed by attach- 
ing magnetically responsive particles to non-magnetic 
target particulate entities, on a collection surface via 
binding between the members of a specific binding pair,' 
said apparatus comprising: 

(a) magnetic means for providing a magnetic field; 
and 

(b) collection surface disposed in the magnetic field 
generated by said magnetic means, at least a por- 
tion of said collection surface having affixed thereto 
one member of said specific binding pair; 
is characterised In that the member of said specific 
binding pair affixed to said collection surface Is se- 
lected so as to form a specific binding pair with a 
member associated with the non-magnetic target 
particulate entities, rather than with said magneti- 
cally responsive particles, and In that the apparatus 
also includes 

(c) localization means operably associated with 
said collection surface in said magnetic field for pro- 
ducing a magnetic field gradient having a predeter- 
mined pattern on the portion of said collection sur- 
face affixing the member of said specific binding 
pair, whereby in use of the apparatus said magnet- 
ically labelled composites are caused to adhere to 
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said collection surface under the influence of said 
magnetic field gradient and to become immobilized 
on said collection surface in said predetermined 
pattern when subjected to conditions promoting re- 
. action between the members of said specific bind- 5 
ing pair. 

Preferably, the localisation means is ferromag- 
netic localisation means. 

[0021] As will appear from the following description, io 
the present Invention offers a.number of notable advan- 
tages over existing analytical techniques for separation 
and analysis of particulate analytes. e.g. cells or mi- 
crobes, within test samples such as bodily fluids, culture 
fluids or samples from the environment, which may con- 
tain other non-magnetic components. One distinct ad- 
vantage of the present invention is maintenance of the 
target entitles intact and/or viable upon separation to 
permit analysis, identification or characterization of the. 
target entities. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

' FIGURE 1 shows a representative embodiment of 
the present invention in which a strip of unused sta- 
ples disposed on a magnet is used as a ferromag- 
netic cell alignment means. 

FIGURE 2A shows another embodiment of the In- 
vention using magnets in a bucking array to provide 
a ferromagnetic localization means. FIGURE 2B 
depicts a top, perspective view of an apparatus for 
the collection of cells labelled with magnetically re- 
sponsive material utilizing the "bucking array" of 
magnets depicted in Fig. 2A. FIGURE 2C is a side 
elevation view of Fig. 28: 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] The instant invention provides for the collec- 
tion and immobilization of particulate entities of a target 
analyte, such as cells, in a predetermined pattern on a 
non-magnetic collection surface. The term "target ana- 
lyte", as used herein, includes a variety of substances 
of potential biological or medical Interest which may be 
measurable individually or as a group. Representative 
examples of "target analytes" include cells, both eukary- 
otic (e.g., leukocytes, erythrocytes or fungi) and so 
prokaryotic (e.g., bacteria, protozoa or mycoplasma), vi- 
ruses, cell components, macromolecules and the like. 
Often it is desirable to determine the presence or quan- 
tity of a particular cell type for diagnostic or therapeutic 
purposes. Examples include the determination of leuko- 55 
cytes within a population of blood cells, helper T lym- 
phocytes within a population of lymphocytes, fetal cells 
within maternal circulation, virus-infected cells within a 



population of uninfected and infected cells, or neoplastic 
cells within a population of normal and neoplastic cells. 
Although the n^ethod of this invention is useful for the 
determination of many different types of target analyte, 
it will be exemplified hereinbelow with, particular refer- 
ence to the detection of human blood cells. 
[0024] The non-magnetic collection surface, prefera- 
bly a microscope cover slip, is coated with a specific 
binding substance, that specifically binds a characteris- 
tic determinant of the target cells. The collection surface 
is placed on a magnet and the target cells, which are 
conveyed to the collection surface under the influence 
of the magnetic field become immobilized thereon as a 
result of the binding interaction with the specific receptor 
for a characteristic cell surface antigen of the target cell, 
a coating of which receptor is provided on the collection 
surface. When the surface is removed f roni the magnet- 
ic field, any excess magnetic material, such as magnetic 
labels that are not bound to specific binding substances 
affixed to the collection surface, or any non-magnetic 
substance may be removed from the surface, e.g., by 
washing. The invention thus allows for the removal of 
magnetic material not actually bound to target cells, im- 
proving the visualization of the target cells by micro- 
scopic means and improving conditions for the further 
culturing or other use of the cells. 
[0025] In a particularly preferred embodiment of the 
Invention, the collection surface is placed on a magnet 
which, due to pole piece design or some other magnetic 
gradient phenomenon, provides a "ferromagnetic local- 
izing means" which causes an ordered arrangement (a 
predetermined pattern) of magnetically labelled cells to . 
form on the collection surface. The target cells may be 
present in a biological specimen such as whole blood, 
leukopheresis product, bone marrow, or other bodily flu- 
Id, as well as cultured cells. The test sample contains 
magnetically labeled target cells, as well as excess 
magnetic particles and, usually, non-target material. 
When the test sample is placed on the collection sur- 
face, the magnetically labeled target cells immediately 
migrate to the region of the surface In registry with the 
patterned magnetic field gradient produced by the fer- 
romagnetic localizing means. Thus, the magnetically la- 
belled cells will assume the shape, arrangement, or pat- 
tern produced by the ferromagnetic localizing means. 
The target cells which are magnetically conveyed to the 
collection surface become immobilized thereon as a re- 
sult of binding interaction with the specific receptor for 
a characteristic cell surface antigen of the target cell, a 
coating of which receptor is provided on the collection 
surface. When the surface is removed from the magnet- 
ic field, any excess magnetic material, such as magnetic 
labels that are not bound to specific binding substances 
affixed to the collection surface, or any non-magnetic 
substance may be removed from the surface, e.g., by 
washing, leaving a defined pattern of target material Im- 
mobilized on in a predetermined portion of the collection 
surface. In embodiments wherein the collection surface 
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is provided by a microscope cover slip and the particu- 
late analyte of interest constitutes celjs, staining tech- 
niques such as (Immuno) cytochemistry, in situ hybrid- 
ization, or in situ PGR can be applied to search for the 
presence or absence of components of interest. The or- 
dered array of cells will greatly facilitate their microscop- 
ic examination and reduce the time required to scan the 
microscope slide for the presence of the cells of interest. 
The morphology of the cells Is retained throughout the 
entire process. 

[0026] The term "localization", as used herein, refers 
to the ordered arrangement of particulate analyte 
formed on a predetermined portion of a collection sur- 
face. The portion of the collection surface on which par- 
ticle localizing occurs may be a point, a straight or 
curved line, an ordered array of straight or curved lines, 
which may be of any desired pattern or shape, subject 
to the size constraints of the collection surface. The term 
"ferromagnetic localization means", as used herein, re- 
fers to ferromagnetic material which becomes magnet- 
ized In the presence of a magnetic field to attract mag- 
netically responsive particles. It may be in the form of 
wires, spheres, or textured material Ferromagnetic ma- 
terial includes iron, nickel, cobalt, alloys of the same, 
alloys of magnetic rare Earth elements, and other ex- 
tremely paramagnetic materials. It is also possible to 
create an extremely finely focused magnetic field with- 
out the need of pole pieces, as described above. Mag- 
netic design, including opposing magnetic poles held 
closely together can create high field gradients In tightly 
defined regions on an adjacent surface. The term "Inter- 
nal gradients", as used herein, refers to magnetic field 
gradients induced upon susceptible material when 
placed in a magnetic field. Electromagnets can also be 
used to produce magnetic fields useful in practicing the 
present Invention. 

[0027] The method of the invention has broad utility 
In the separation of particulate biological entities which 
Include a wide variety of substances of biological origins 
including cells, both eukaryotic (e.g: leukocytes, eryth- 
rocytes, or fungi) and prokaryotic (e.g. bacteria, proto- 
zoa or mycoplasma), viruses, cell components, such as 
organelles, vesicles, endosomes, lysosomal packages 
or nuclei, as well as molecules (e.g, proteins) and mac- 
romolecules (e.g. nucleic acids - RNA and DNA). The 
biological entities of Interest may be present in samples 
or specimens of varying origins, including, without limi- 
tation, biological fluids such as whole blood, serum, 
plasma, bone marrow, sputum, urine, other bodily fluids, 
such as cerebrospinal fluid, amniotic fluid or lavage flu- 
Ids, as well as tissue homogenates, disaggregated tis- 
sue, or cell culture medium. They may also be present 
in material not having a clinical source, such as sludge, 
slurries, water (e.g. ground water or streams), food 
products or other sources. The method of the invention 
also has utility in the separation of various bacteria and 
parasites from fecal matter, urine, or other sources. 
[0028] The term "determinant" is used here in a broad 



sense to denote the molecular contact regions on target 
substances that are recognized by receptors in specific 
binding pair reactions. When used in reference to any 
of the above-referenced biological entities, "determi- 

5 nant" means that portion of the biological entity involved 
in and responsible for selective binding to a specific 
binding substance, the presence of which is required for 
selective binding to occur. The expression "characteris- 
tic determinant" is used herein in reference to cells, for 

10 example, to signify an epitope (or group of epitopes) that 
serve to identify a particular cell type and distinguish it 
from other cell types. Cell-associated determinants in- 
clude, for example, components of the cell membrane, 
such as membrane-bound proteins or glycoproteins, in- 

15 eluding cell surface antigens of either host or viral origin, 
histocompatibility antigens or membrane receptors. 
[0029] The expression "specific binding substance" or 
"specific binding pair" as used herein refers to any sub- 
stance that selectively recognizes and interacts with the 

20 characteristic determinant on a particulate biological en- 
tity of Interest, to substantial exclusion of determinants 
present on biological entities that are not of interest. 
Among the specific binding substances which may be 
used in affinity bincling separations in accordance with 

25 this invention are antibodies, anti-haptens, lectins, pep- 
tides, peptide-nucleic acid conjugates, nucleic acids, 
hormones, growth factors and more specifically Protein 
A, Protein G, concanavalin A and soybean agglutinin. 
Specific binding substances can also be covalently at- 

30 tached to members of other specific binding pairs, such 
as biotin, avidin, streptavldin or other common capture 
agents. It is important to note that the term "specific 
binding", as used herein, refers to the binding that oc- 
curs between specific binding substances and cell sub- 

35 populations, on the one hand, and between specific 
binding substances and cell subsets, on the other hand, 
^^or example, CD4 Mab specifically binds a characteris- 
tic determinant on the leukocyte subset known as T- 
cells, whereas CD45 Mab specifically binds to all leuko- 

40 cytes. HLA class I antigens recognize an even broader 
range of cells beyond the subpopulation of leukocytes. 
However, all three substances are considered specific 
binding substances.. 

[0030] The term "antibody" as used herein includes 
45 immunoglobulins, monoclonal or polyclonal antibodies, 
immunoreactive immunoglobulin fragments, single 
chain antibodies, and peptides, oligonucleotides or any 
combination thereof which specifically recognize deter- 
minants with specificity similar to traditionally generated 
50 antibodies. 

[0031] the term "magnetically responsive particles" 
as used herein refers to magnetic particles of metallic 
or organo-metallic composition, optionally coated with 
polymer, preferably coated with a polymer of biological 
55 origin such as BSA. The particles may be linked with an 
antibody or other specific binding substance to allow 
them to specifically bind particulate biological entities of 
interest. Also included within the ambit of "magnetically 
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responsive particles" are the complexes resulting from 
the interaction between particulate biological entity and 
magnetic particle, which may be optionally bound to a 
fluorescent label or other detectable label. Suitable 
magnetic material is manufactured by Dynal, Rhone 5 
Poulanc, Miltenyi, Cardinal Associates, Bangs Labs, 
Ferrofluidics, Polysciences, and Immunicon. 
[0032] The preferred magnetic particles for use in car- 
rying out this invention are particles that behave as true 
colloids. Such particles are characterized by their sub- 
micron particle size, which Is generally less than about 
200 nanometers (nm) (0.20 microns), and their stability 
to gravitational separation from solution for extended 
periods of time. Such small particles facilitate observa- 
tion of the target entities via optical microscopy since i5 
-the particles are significantly smaller than the wave- 
length of visible light. Suitable materials are composed 

• of a crystalline core of superparamagnetic material sur- 
rounded by molecules which may be physically ab- 
sorbed or covalently attached to the magnetic core and 20 
which confer stabilizing colloidal properties. Most typi- 
cally, the crystalline core is an agglomeration of single 
crystals, each sufficiently small that they do not contain 
a complete magnetic domain. When agglomerated via 
intercrystalline attractive forces, the magnetic core sizes 25 

[ can be orders of magnitude larger than a magnetic do- 
main, but these materials nonetheless remain superpar- 
amagnetic. As a consequence, North Pole, South Pole 
alignment and subsequent mutual attraction/repulsion 
of these colloidal magnetic particles does not appear to 
occur even In moderately strong magnetic fields, con- 
tributing to their solution stability. Accordingly, colloidal 
magnetic particles are not readily separable from solu- 
tion as such even with powerful electromagnets, but in- 
stead require a magnetic gradient to be generated within 35 
the test medium In which the particles are suspended In 
order to achieve separation of the discrete particles. 
Magnetic particles having the above-described proper- 
ties can be prepared as described in U.S. Patent Nos. 
4,795,698; 5.512,332; 5,597,531; 5,698,271. 40 
[0033] The specimen material used in practicing the 
instant invention may be any liquid or solution which 
contains the particulate analyte of interest, and is pref- 
erably whole blood. A test sample is incubated with an- 
tibodies or other specific binding substances, either dl- 45 
rectly or indirectly linked to magnetic particles for the 
time required to allow optimal binding of the substance 
to its corresponding target particle. Optionally, the.spec- 
imen material may also be incubated with an enzymatic 
label, a dye, or other detectable label. In addition, a so 
member of a specific binding pair may optionally be 
used to label the target material. After the target parti- 
cles have been labeled with the magnetically responsive 
material, an optional magnetic collection sen/es to con- 
centrate the target particles. After magnetic collection, 55 
the excess non-magnetic (non-target) component(s) of 
the test sample is (are) aspirated, and the remaining ma- 
terial may be removed from the magnetic field and re- 



suspended in a substantially smaller volume. After the . 
target particles have been labeled, a signal amplification 
reagent may optionally be added to increase the signal 
generated for eventual detection of the target particles. 
The most common signal amplification reagents are bi- 
. otinylaied antibodies used with streptavldin labeled en- 
zyme, but other such systems are known in the art. As 
another option, the enzymatic labels, dyes, detection 
antibodies may be added for later use, or the specific 
binding pair labels may be added at the time of signal 
amplification. Finally, the magnetically labeled target 
particles are placed upon a collection surface for mag^ 
netic localization. 

[0034] The surface used in the practice of the instant 
invention may be of glass, plastic, quartz, or any other 
material which permits observation of the target biolog- 
ical material. The substrate which provides the collec- 
tion surface must be non-magnetic and relatively thin. 
The thickness of the substrate is chosen in relation to 
the strength of the magnets and ferromagnetic localiza- 
tion means used. The collection surface-bearing sub- 
strate is preferably 0.1-0.3 mm thick. A particularly pre- 
ferred collection surface-bearing substrate is a glass or 
plastic microscope cover slip. In some instances. It may 
be desirable use a containment means, such as a gas- 
ket disposed on said collection surface to limit loss of 
sample, especially in the case of a liquid sample more 
than about 50 jil. The containment means is preferably 
nonreactive and non-adherent to the target material. Af- 
t^r magnetic collection and imrriobllization, the gasket, 
for example. Is easily removable to efficiently wash the 
surface. In other instances, it may be desirable to use a 
chamber which includes a surface for magnetic collec- 
tion. It is obvious that only the part of the chamber for 
the magnetic localization used be suitably thin and com- 
patible for observation of the localized target particles, 
it will also be appreciated that the test sample can be 
flowed over the collection surface. 
[0035] The collection surface Is coated with one mem- 
ber of a specific binding pair. Among the specific binding 
substances which may be used In affinity binding sepa- 
rations are antibodies, anti-haptens, lectins, peptides, 
peptide-nucleic acid conjugates, nucleic acids, Protein 
A; Protein G, concanavalin A, soybean agglutinin, hor- 
mones, growth factors, avidin, streptavldin, or biotin. 
Preferred for this purpose are antibodies, which include 
single chain antibodies and peptides, oligonucleotides 
or any combination thereof which specifically recognize 
determinants with specificity similar to traditionally gen- 
erated aritibodies. Particularly preferred are antibodies 
against cell-surface antigens. The surface may also be 
coated with a member of a binding pair which inserts 
into or adheres to a cell membrane via specific chemical 
reaction with the internal or external aspect of the lipid 
bilayer such as llpophyllic carbocyanide compounds, 
aminostyryl compounds, or anti-phbsphatidal choline. 
The surface may also be coated with a substance, such 
as polylysine, which binds to all cells based on charge. 
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[0036] The collection surface-bearing substrate is 
placed on a ferromagnetic localization means such that 
the coated surface is not hindered from receiving the 
test sample. The ferromagnetic localization means is a 
ferromagnetic material which becomes magnetized in 
the presence of a magnetic field to attract magnetically 
responsive particles, and has a characteristic shape, 
such as wires, spheres or other material providing an 
Irregular or coarse surface when closely packed togeth- 
er. The ferromagnetic material used must have a rela- 
tively small area which comes into direct contact with 
the collection surface-bearing substrate. Additionally, 
the area of the ferromagnetic localization means which 
comes Into contact with the collection surface-bearing 
substrate will be in registry with the area on the collec- 
tion surface on which the target material will become im- 
mobilized; Thus, if thin lines of target particles are de- 
sired, the corresponding area of the ferromagnetic lo- 
calization means must be in the form of thin lines. Al- 
though ferromagnetic localization means providing thin 
lines for target particle immobilization is the preferred 
embodiment, many other shapes or patterns are envi- 
sioned to be within the scope of this invention. Some 
examples include single points; intersecting lines; 
curved lines; arrays of points, shapes or lines; simple or 
Intricate patterns; and letters, numbers, logos or other 
Indicia! When the ferromagnetic localization means is 
placed on a magnet and the collection surface bearing 
substrate is placed on the ferromagnetic localization 
means, magnetically labelled target particles collected 
thereon will be immobilized in the pattern or array cor- 
responding to that of the ferromagnetic localization 
means. Actual magnets could be used in place of the 
ferromagnetic localization means, but they are less eas- 
ily formed into the fine shapes contemplated by the 
present invention. However, it is possible to create the 
extremely finely focused magnetic field by bringing mag- 
nets with opposing poles close together to create high 
gradients in precisely defined regions of an adjacent col- 
lection surface. One such embodiment Includes a so 
called bucking arrangement where in flat magnets (for 
example, 1 cm x 2 cm x 0.2 cm thick magnetized through 
the thickness) are stacked alternately with soft steel of 
identical dimension. By placing the magnets such that 
alternating steel segments have magnet poles of the 
same polarity on each side of the segment, substantial 
gradients can be achieved which draw the magnetically 
responsive material to the edges of such arrays. In some 
cases, the fields created by this arrangement of mag- 
nets, rather than magnetic pole pieces, may be pre- 
ferred, since the magnetic reach is greater, thus allowing 
the use of thicker collection surface-bearing substrates. 
[0037] The test sample is placed on the collection sur- 
face for a time sufficient for the magnetically labelled tar- 
get particle to become adhered thereto and for the spe- 
cific binding pairs to form bonds. With appropriately 
strong magnetic fields and sufficiently responsive mag- 
netic particles, adherence of the magnetically labelled 



target particles should occur on the order of thirty sec- 
onds. The time required for specific bond formation will 
depend on the type of specific binding pair used. In the 
case of antibodies, binding time will depend on the af- 
5 finity of the antibody and the antigen density. Although 
diffusion of the target material to the collection surface 
and specific bond formation theoretically could occur 
before magnetic adherence, experience has shown that 
magnetic adherence is generally faster, provided the 
10 magnetic field is sufficiently strong. Additionally, mag- 
netic adherence speeds immobilization by bringing the 
target particle bearing one member of the specific bind- 
ing pair into close physical proximity to the collection 
surface coated with the other member of the specific 
15 binding pair. 

[0038] After a time sufficient for magnetic adherence 
and bond formation, the collection surface-bearing sub- 
strate may be removed from the ferromagnetic localiza- 
tion means, and the surface may be washed to remove 
excess, unbound magnetic material and/or non-target 
material. The non-target material may be material which 
was inadvertently trapped in the initial collection, and 
which due to a lack of specific binding substance is not 
bound to said surface. The non-target material may also 
be material which was bound to magnetically respon- 
sive particles, but which does not bear the specific bind- 
ing substance required for immobilization. Optional . 
treatment(s) with additional substances to label or stain 
the target particles is (are) appropriate at this point. Oth- 
er sequential reactions involving the target particles may 
also be performed. It is also possible to subject the tar- 
get particles to conditions appropriate for the removal of . 
the magnetic label from the target entities. Many such 
methods are well known to those skilled in the art. 
[0039] After washing and optional staining steps, the 
target material will be Immobilized on the collection sur- 
face for examination. The orderly arrangement of target 
particles will greatly facilitate their examination. In the 
case of microscopic examination, less time will be re- 
quired to scan the microscope slide for the presence of 
target material. In the case of cells, enumeration, exam- 
ination and manipulation are possible. 
[0040] Figure 1 illustrates a representative apparatus 
according to this invention, including one embodiment 
of ferromagnetic localization means. A magnet 1 is 
shown with a strip of unused, chisel-pointed staples 2 
with the chisel points resting upon the magnet 1 . A coat- 
ed microscope cover slip 3 rests on the staple strip 2 
awaiting the deposit of the test sample. 
[0041] An alternate embodiment of the invention is il- 
lustrated in Figures 2A-C. In this instance, magnets 10 
are stacked alternately with bars 11 of soft steel which 
serve as magnetizable spacers. The magnets 1 0 are as- 
sembled with the opposing polarity indicated in the 
drawing. The magnets and steel spacers are held to- 
gether by band 13 and thus provide the magnetic field 
and the ferromagnetic localization means. This assem- 
bly can generate a magnetic field gradient in the range 
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of 30-60 K Gauss. The collection surface-bearing sub- 
strate 1 2 shown is intended to represent a microscope 
cover slip. As can be seen in Figure 2B, the coverslip 
12 rests directly on the ferromagnetic localization 
means. A non-magnetic, inert gasket 22 is used to con- 
tain the liquid test sample on the area of the collection 
surface in registry with the ferromagnetic localization 
means for optimal collection. Magnetically labeled cells 
will collect along lines 21. Figure 2C shows deposition 
of a test sample onto the collection surface in the area 
bounded by gasket 22. 

[0042] In one embodiment of the invention, a micro- 
scope cover slip can be used to collect and immobilize 
cells for analysis. Preferably, the cells are aligned in a 
series of parallel lines for easy microscopic examina- 
tion. Ferromagnetic localization means, such as spe- 
cially manufactured coarse iron chips with raised, par- 
allel lines can be used. Another ferromagnetic alignment 
means is a plurality of standard, single-edge razor 
blades taped securely together with blades exposed 
and placed on a strong magnet with the blade iedges in 
contact with the collection surface-bearing substrate. A 
strip of unused staples as illustrated in Figure 1 is also 
effective. The cover slip is coated with a cell surface ad- 
hesion agent, such as a ligand to a cell-surface receptor 
such as class I antibody by methods which are well 
known to those skilled in the art. Thus virtually all cells 
which come into contact with the coated surface will ad- 
here to it, but any potentially contaminating protein, se- 
ra, or nucleic acids or other material which is not of in- 
terest can be washed away. In this particular embodi- 
ment of the invention, all cells in the specimen material 
are aligned. The cells are labeled, either directly or in- 
directly with a magnetic colloid or ferrofluid. Preferably, 
the labeling is done by direct conjugation of the ferrofluid 
to a specific binding substance which binds all cells. The 
specimen material in this embodiment includes cultured 
cells or cells purified from an original mixture by non- 
magnetic means. Also included may be a cell mixture 
which one may desire to analyze in its entirety. An op- 
tional concentration step includes centrifugation of the 
starting cell mixture. 

[0043] After labeling with the ferrofluid, the cell mix- 
ture is placed on the coated collection surface, which is 
disposed on the ferromagnetic localization means. Al- 
ternatively, the cell mixture may be deposited on the col- 
lection surface, which is then placed on the ferromag- 
netic localization means. The magnetically labeled ma- 
terial will collect In registry with the ferromagnetic local- 
ization means and the specific binding substance will 
bind the cells to the surface. Then the cover slip may be 
removed from the magnet and washed by successively 
dipping it in wash solutions, including dyes or enzyme 
substrates. The cover slip is mounted on a microscope 
slide and examined with a light microscope. The cells 
are observed in precisely defined parallel tines. With ap- 
propriate selection of the ferromagnetic localization 
means, the lines may be slightly narrower than the field 



of view of the microscope for the magnification desired. 
This allows the microscope stage to traverse rapidly up 
and down alorig the lines to examine the cells, either 
manually or mechanically. 

5 [0044] In another embodiment of the invention, a mi- 
croscope cover slip can be used to collect and immobi- 
lize subsets of human white blood cells for analysis. The 
cover slip may be coated with a specific binding sub- 
stance which binds to a relatively broad subpopulation 

10 of cells, for example CD45. The magnetic colloid or fer- 
rofluid may be directly labeled with an antibody directed 
toward a characteristic surface antigen of a cell subset 
of interest, such as CD4 or CDS (T-lymphocyte cells), 
CD56 or CD1 6 (NK cells), CD1 9 (B-lymphocytes), GDI 4 

15 (monocytes,) CD83 (dendritic cells), CD33 or CD47 
(granulocytes), CD34 (progenitor cells), CD90w (he- 
matopoietic stem cells), CD71 (immature erythrocytes 
or fetal nucleated erythrocytes), MAb 330 (trophob- 
lasts), EPCAM (epithelial cells), CD31 (endothelial 

20 cells), Vimentin (mesenchymal cells) and S-1 00 (neural 
cells). In this embodiment of the invention, the specimen 
material is whole blood, collected by standard venipunc- 
ture. An optional initial magnetic separation may be em- 
ployed to concentrate the original sample and isolate the 

25 target cells. The blood is incubated in a test tube with 
the ferrofluid labeled for a time sufficient for binding of 
the ferrofluid to the target cells. The test tube is then 
placed in an externa! magnetic field, such as described 
by U.S. Patent 5,186,827. After a collection period suf- 

30 ficient to collect the magnetically labeled cells, the liquid 
In the tube is aspirated with a pipet. Then the test tube 
is removed from the magnetic field and the magnetically 
labelled cells are resuspended in a small amount of buff- 
er. If the starting volume of blood was 5 ml, 200-300 ul 

35 of buffer is sufficient to resuspend the target white blood 
celts. An optional wash and magnetic recollection to re- 
move excess red blood cells or to aid in the resuspen- 
sion of the cells is possible before final resuspension 
into the buffer. After the final resuspension, the entire 

40 cell suspension may be placed on the surface of the ap- 
propriately coated coyer slip which has been placed up- 
on ferromagnetic alignment means as described above. 
The magnetically labeled material will be localized by 
the ferromagnetic localization means and the specific 

45 binding substance will bind the cells to the collection sur- 
face. After removal from the magnetic field and the op- 
tional washes, the cover slip is mounted on a micro- 
scope slide and examined with a light microscope. The 
cells are observed in tightly defined parallel lines. 

50 [0045] In a further embodiment of the invention, the 
two magnetic selections may be used to select a distinct 
subset of cells. The ferrofluid may be coated with an an- 
tibody which recognizes one set of cellular determi- 
nants, while the coating on the surface recognizes a dif- 

55 ferent set of determinants. For example, a ferrofluid may 
be coated with CD34 to recognize all progenitor cells, 
followed by collection and immobilization on a cover slip 
coated with CD90w, which specifically binds stem cells. 
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In this case, the first selection by ferrofluid labeling is 
relatively broad and the second selection by surface 
binding is relatively selective, since the CD90w cells 
constitute a distinct subset of the CD34 cells. However, 
it is also possible to select a set of cells which have a 
set of relatively unrelated determinants. For example, 
the ferrofluid could be coated with CD4 and the surface 
could be coated with CD45RO. Thus only cells which 
are CD4+, CD45RO+ (memory CD4+ T-helper lym- 
phocytes) are collected. In this case; it will be appreci- 
ated that the CD4 could be coated on the surface and 
the CD45RO could be conjugated with the ferrofluid. It 
is also possible to mix antibodies and to manufacture a 
ferrofluid with a coating of two or more antibodies. It also 
may be possible to coat the surface with a mixture of 
specific binding substances. Any number of combina- 
tions of antibodies are possible, depending on the ease 
of manufacturing a directly coated ferrofluid, ability to 
coat the substance onto a collection surface, and the 
usefulness of the selected subset. 
[0046] In yet another embodiment of the Invention 
would employ an Initial analysis and/or separation by 
flow cytometer. The magnetically labeled target material 
could be introduced into a flow cytometer after optional 
magnetic separation of target material as described pre- 
viously. After flow cytometric analysis of each cell, the 
magnetically labeled cell could be deposited upon a 
coated surface which has been placed upon ferromag- 
netic localization means. The flow cytometric analysis 
could optionally include fluidic or droplet sorting before 
deposition upon the coated surface. Optionally, the 
coated surface could include a layer or small "puddles" 
of liquid to protect against evaporation while droplet 
sorting. Said liquid could include PBS, culture medium, 
glycerol or the like. The magnetic gradient Induced upon 
. the ferromagnetic localization means would act upon 
the magnetically responsive target cell to collect and im- 
mobilize the cell in a prescribed region of the collection 
surface, thus allowing for quicker acquisition of the cell 
after the sample has been analyzed by the flow cytom- 
eter. Indexing the cell event on the histogram with the 
actual cell deposited upon the surface would Increase 
the power of this technology. 

[0047] In an alternate version of the embodiment of 
the invention described immediately above, the coated 
surface could be In constant, processive motion. Thus, 
a microscope slide having the thickness of a standard 
cover slip could be used with a ferromagnetic localiza- 
tion means comprising parallel lines or a spiral into or 
out of the center of the slide. The cells would be aligned 
in the order of passing through the flow cytonrietier, thus 
allowing for indexing of the cell event. Optionally, the 
coated surface-bearing substrate could be in constant, 
unidirectional motion, e.g., on a continuous web. Thus, 
a relatively long coated web could be used to collect and 
immobilize the target cells therealong, with the collec- 
tion surface being conveyed past a stationary ferromag- 
netic localization means, optionally past a washing sta- 



tion(s), and ultimately past an obsen/ation station. Thus, 
the cell event can be observed before the entire sample 
has been analyzed by the flow cytometer. and the indi- 
vidual cells are easily indexed back to the original his- 
5 togram. Individual cells are also available for further 
analysis or manipulation. 

[0048] Still another embodiment of the instant inven- 
tion Involves aligning a set of cells present in whole 
blood without an initial magnetic separation step. For ex- 
10 ample, if one desired to observe the CD4 cells in blood, 
a sample of whole blood could be incubated with a fer- 
rofluid conjugated to CD4. If a non-magnetic surface 
were coated with CD3 and placed on a ferromagnetic 
localization means, then the blood sample may be 
15 placed directly on said coated surface. After magnetic 
collection and Immobilization of the target cells and for- 
" mation of the specific pair bond, the surface could be 
removed from the magnetic field and washed. Thus, all 
contaminating cells would be washed away, including 
20 platelets and red blood cells. 

[0049] The following examples describe the present 
invention in further detail and set forth the best mode 
contemplated by the inventors for carrying out the in- 
vention, but are not to be construed as limiting the In- 
vention. 

example! 

EPITHELIAL CELL SELECTION FROM WHOLE 
BLOOD 

[0050] Colloidal magnetic particles were prepared as 
described in U.S. Patent 5,698,271 . The particles were 
further conjugated with an antibody which specifically 
binds to a cell surface protein encoded by the GA73.3-2 
gene. 

[0051] Whole blood was collected from a healthy do- 
nor by venipuncture in a 7 ml purple-top Vacutainer® 
tube. A 5 ml sample of blood was measured with a pipet 
and placed in an empty 7 ml red-top Vacutainer® tube: 
20 ^1 of cell buffer (Isotonic 7 mM sodium phosphate, 
pH 7.4 with 1% BSA and 50 mM EDTA) containing 
125±10 cells from the breast cancer cell line SKBR-3 
were added to the blood sample. 2.0 ml of the above- 
described antibody-conjugated, colloidal magnetic par- 
ticles was also added to the blood sample and mixed. 
The final concentration of the magnetic particles was 
4.28 ^ig/ml. The blood sample was allowed to incubate 
10-15 min. at room temperature. The Vacutainer tube 
containing the blood sample was placed In a quadrupole 
magnetic separation device of the kind described In U. 
S. Patent 5, 1 86,827. The cavity defined by the four mag- 
nets exactly accommodated the dimensions of the tube. 
The magnetic separation was allowed to proceed for 10 
minutes at room temperature. The uncollected material 
was aspirated and the tube was removed from the quad- 
rupole device. The collected cells were resuspended in 
2 ml of cell buffer. The sample container was again 
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placed in the quadrupole device and allowed to separate 
for 5 minutes. The uncollected material was aspirated 
and after removal from the quadrupole device, the target 
cells were resuspended in 150 \i\ cell buffer. 
[0052] A 1 .9 cm X 1 .6 cm X 5.0 cm magnet (Crucible 
Magnetics, Elizabethtown, KY) was used for the Immo- 
bilization of the magnetically labeled material. The pole 
pieces used were a strip of unused standard chisel point 
staples (Stanley Bostich, East Greenwich, Rl.) A strip of 
approximately 25 staples were broken off and placed on 
the magnet, with chisel point touching the magnet. The 
microscope cover slip was placed so as to overlay the 
staple strip. The cover slip had previously been coated 
with an antibody which specifically binds Her 2/neu ^ 
rubber gasket with an Inner area approximately 1.8x1.2 
cm was used to contain the sample In registry with the 
staple strip. 

[0053] The entire 1 50 ^il sample of resuspended tar- 
get cells was placed on the area of cover slip bounded 
by the rubber gasket. The brown-colored ferrofluid could 
be seen by visual examination to align with the staples, 
forming approximately 25 brown lines in the clear liquid 
drop. The cover slip was washed by dipping in PBS to 
remove the unbound material. The cover slip was air 
dried and stained with a cytochemical stain (Wright 
Giemsa.) The cover slip was then mounted on a micro- 
scope slide and examined with a light microscope. Fifty- 
nine of the SKBR-3 cells originally spiked into the blood 
were observed immobilized in regions corresponding to 
the ferromagnetic alignment means. 

EXAMPLE 2 

SELECTION OF CD4 CELLS BY CD4-FERR0FLUID 
AND IMMOBILIZATION ONTO COVER SLIP USING 

CD45 MAb 

[0054] In this example, a relatively small subset of tar- 
get cells was selected using the colloidal magnetic par- 
ticles and immobilized on a cover slip by means of an 
additional specific binding pair which binds to the sub- 
population of cells comprising the above-mentioned 
subset. A 0.5ml sample of whole blood from the purple- 
top Vacutalher from Example 1 was added to a 
12x75mm polystyrene tube. Added to the blood sample 
were ah aliquot of 0.5ml of colloidal magnetic particles, 
prepared as described in Example 1, but conjugated to 
CD4 Mab, and 20 ^il of CD45 MAb-biotin (2 ^ig), and the 
sample was Incubated for 15 minutes at room temper- 
ature. The final concentration of the magnetic particles 
was 7.5 ng/ml. The tube was then transferred to a quad- 
rupole magnetic separation device, as described in Ex- 
ample 1 , and the separation was allowed to proceed for 
10 minutes at room temperature. The uncollected ma- 
terial was aspirated and the tube was removed from the 
device. The collected sample was then resuspended in 
1 ml of cell buffer and magnetically separated again, as 
described herein above, for 5 minutes. The uncollected 



sample was aspirated and the collected CD4 cells were 
resuspended in 1 50 \i\ of cell buffer. The test sample 
was deposited on a streptavldin coated cover slip using 
the same gasket arrangement described in Example 1 
5 and stained. The cells were seen as several lines with- 
out any free magnetic particles when observed under a 
microscope. In this example, all CD4 positive cells were 
labeled with colloidal magnetic particles and CD45 Mab- 
biotln and were bound to the cover slip. 



10 

Claims 

1. A method for the immobilization of non-magnetic 
15 target particulate entities on a collection surface via 
binding between the members of a specific binding 
pair, said target particulate entities being present in 
a mixture with at least one other non-magnetic sub- 
stance, said method comprising: 

20 

(a) attaching magnetically responsive particles 
to said target particulate entities to form mag- 
netically labelled composites; 

25 (b) providing a magnetic field; 

(c) disposing said collection surface in said 
magnetic field, at least a portion of said collec- 
tion surface having affixed thereto one member 

30 of said specific binding pair; 

(d) adhering said magnetically labelled com- 
posites to said collection surface under the in- 
fluence: of said magnetic field; 

35 

(e) subjecting said adhered magnetically la- 
belled composites to conditions promoting re- 
action between the members of said specific 
binding pair; and 

40 . 

(f) removing any excess magnetically labelled 
composites and non-magnetic substance 
present on said collection surface to yield said 
magnetically labelled composites immobilized 

45 on said collection surface; 

characterised in that the other member of said 
specific binding pair is associated with said non- 
magnetic target particulate entities rather than with 

50 said magnetic label, and In that a magnetic field 
gradient having a predetermined pattern is pro- 
duced on the portion of said collection surface af- 
fixing said other specific binding pair member, 
whereby said magnetically labelled composites ad- 

55 here to said collection surface under the influence 
of said magnetic field gradient and, after the remov- 
al of any excess magnetically labelled composites 
and non-magnetic substance present on said col- 
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lection surface, said magnetically iabelled compos- 
ites are retained immobilized on said collection sur- 
face in said predetermined pattern. 

2. A method as claimed in claim 1 , wherein ferromag- s 
netic localisation means Is positioned relative to 
said collection surface such that said magnetic field 
gradient having a predetermined pattern Is set up. 

3. A method as claimed in claim 1 or 2, wherein said io 
target particulate entities are selected from cells, 
cell components, bacteria and viruses. 

4. A method as claimed in claim 1 or 2, wherein said 
target particulate entities are selected from leuko- i5 
cytes, hematopoietic stem cells, T-lymphocytes, NK 

. cells, B- lymphocytes, moncytes, dendritic cells, 
granulocytes, progenitor cells, erythrocytes, tro- 
phoblasts, epithelial cells, endothelial cells, fetal 
cells, mesenchymal cells and neural cells. 20 

5. A method as claimed in any of claims 1 to 4,whereln 
said specific binding pair is selected from antibody/ 
receptor, single chain antibody/receptor, protein/re- 
ceptor, peptide/receptor, nucleic acid/receptor, hap- 25 
ten/antl-hapten, antl-lectin/lectin, biotln/avldin, bl- 
otin/streptavidin, lipid intercalating compound/lipid 
bilayer, and negatively charged cell membrane/ 
positively charged surface. 

. 30 

6. A method as claimed In any of claims 1 to 5. further 
including analyzing said Immobilized particulate en- 
tities by microscopy. 

7. A method as claimed in any of claims 1 to 5, further 35 
including analyzing said immobilized particulate en- 
titles by fluorescence cytochemistry. 

8. A method as claimed in any of claims 1 to 5, further 
including analyzing said immobilized particulate en- 40 
titles by Immunocytochemlstry. 

9. Apparatus for immobilization of magnetically la- 
belled composites, formed by attaching magnetical- 
ly responsive particles to non-magnetic target par- 45 
ticulate entities, on a collection surface via binding 
between the members of a specific binding pair, 
said apparatus comprising: 



cific binding pair affixed to said collection sur-.' 
face is sejected so as to form a specific binding 
pair with a member associated with the non- 
magnetic target particulate entities, rather than 
with said magnetically responsive particles, 
and in that the apparatus also includes 

(c) localization means operably associated with 
said collection surface in said magnetic field for 
producing a magnetic field gradient having a 
predetermined pattern on the portion of said 
collection surface affixing the member of said 
specific binding pair, whereby in use of the ap- 
paratus said magnetically labelled composites 
are caused to adhere to said collection surface 
under the influence of said magnetic field gra- 
dient and to become immobilized on said col- 
lection surface in said predetermined pattern 
when subjected to conditions promoting reac- 
tion between the members of said specific bind- 
ing pair. 

10. Apparatus as claimed in claim 9, wherein said lo- 
calisation means is ferromagnetic localisation 
means. 

1 1 . Apparatus as claimed in claim 1 0, wherein said fer- 
. romagnetic localization means comprises a series 

of ferromagnetic strips positioned in closely-spaced 
parallel array within said field. 

12. Apparatus as claimed in claim 10, wherein said . 
magnetic means comprises a series of magnetic 
poles and said ferromagnetic localization means 
comprises a series of elongated magnetizable 
spacers disposed between said poles. 

Patentanspruche 

1. Verfahren zur Immobllisierung nichtmagnetischer 
Zielteilchen auf einer Auffangoberflache mittels 
Bindung zwischen den Mitgliedern eines spezifi- 
schen Bindungspaars, wobei die Zielteilchen In ei- 
ner Mischung mit mindestens einer anderen nicht- 
magnetischen Substanz vorhanden sind, wobei das 
Verfahren umfasst: 

(a) Anbringen magnetisch ansprechender Par- 
tikel ah den Zielteilchen, um magnetisch mar- 
kierte VerbOnde zu bllden; 

(b) Bereitstellen eines Magnetfelds; 

(c) Anordnen der Auffangoberflache in dem 
Magnetfeld, wobei auf mindestens einem Tell 
der Auffangoberftdche ein Mitglled des spezifi- 
schen Bindungspaars festgehalten wird; 

(d) Haften der magnetisch markierten Verbiin- 
de an der Auffangoberflache unter dem Ein- 



(a) magnetic means for providing a magnetic so 
field; and 

(b) a collection surface disposed in the magnet- 
ic field generated by said magnetic means, at 
least a portion of said collection surface having 55 
affixed thereto one member of said specific 
binding pair; 

characterised in that the member of said spe- 
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fluss des Magnetfelds; 

(e) Einwirken von Bedingungen, die die Reak- 
tion zwischen den Mitgliedern des spezif ischen . 
Bindungspaars fordern, auf die haftenden, ma- 
gnetisch markierten Verbiinde; und 5 

(f) Entfernen jeglicher uberschussiger magne- 
. tisch markierter Verbiinde und nichtmagneti- 

scher Substanz, die auf der AuffahgoberflSche 
vorhanden sind, um die auf der Auffangoberfla- 
che immobilisierten magnetisch markierten io 
VerbOnde zu ergeben; 

dadurch gekennzeichnet, dass das andere Mit- 
glled des spezlflschen Bindungspaars mit den 
nichtmagnetischen Zielteilchen anstatt mit der ma- is 
gnetischen Marklerung assozliert ist und dass ern 
. Magnetfeldgradient mit einem festgelegten Muster 
auf dem Tell der Auffangoberflache erzeugt wird, 
der das andere Mitglied des spezlfischen Bindungs- 
paars festhalt, wodurch die magnetisch markierten 20 
Verbunde unter dem Einfluss des Magnetfeldgradl- 
enten auf der Auffangoberflache haften und nach 
der Entfernung jeglicher uberschussiger magne- 
tisch markierter Verbunde und nichtmagnetischer 
Substanz, die auf der Auffangoberflache vorhanden 25 
sind, die magnetisch markierten Verbunde auf der 
Auffangoberflache in dem festgelegten Muster im- 
■mobilisiert gehalten werden. 

Verfahren nach Anspruch 1 , bei dem das ferroma- so 
. gnetische Positionlerungsmittel relativ zu der Auf- 
fangoberflache so angeordnet wird, dass der Ma- 
gnetfeldgradient mit einem festgelegten Muster ein- 
gerichtet wird. 

35 

Verfahren nach Anspruch 1 Oder 2, bei dem die Ziel- 
teilchen ausgewahit sind aus Zellen, Zellkompo- 
nenten, Bakterien und Viren. 

Verfahren nach Anspruch 1 Oder 2, bei dem die Ziel- <o 
teilchen ausgewShit sind aus Leukozyten, hdmatp- 
poietischen Stammzellen, T-Lymphozyten, NK-Zel- 
len, B-Lymphozyten, Monozyten, dendritlschen 
Zellen, Granulozyten, Zeugungszellen, Erythrozy- 
ten. Trophoblasten, Epithelialzellen. Endothelial- ^5 
zellen, fetalen Zellen, Mesenchymalzellen und 
Neuralzellen. 

Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das spezifische Bindungspaar ausgewahit ist so 
aus Ahtlkdrper/Rezeptor, Slngle-Chain-Antik6rper/ 
Rezeptor, Protein/Rezeptor, Peptid/Rezeptor, Nu- 
kleinsaure/Rezeptor, Hapten/Antihapten. Anti- 
lektin/Lektin, Biotin/Avidini Biotin/Streptavldin, Li- 
pid interkalierender Verbindung/Lipiddoppelschicht ss 
und negativ geladener Zellmembran/positiv gela- 
dener Oberfldche. 



6. Verfahren nach einem der AnsprQche 1 bis 5, bei 
dem die immobilisierten Teilchen des Weiteren mi- 
kroskopisch analysiert werden. 

7. Verfahren nach einem der Anspruche 1 bis 5, bei 
dem die immobilisierten Teilchen des Weiteren 
durch Fluoreszenzzytochemie analysiert werden. 

8. Verfahren nach einem der Anspruche 1 bis 5, bei 
dem die immobilisierten Teilchen des Weiteren 
durch Immunozytochemie analysiert werden. 

9. Vorrichtung zur Immobilisierung magnetisch mar- 
kierter Verbunde, die durch Anbringen magnetisch 
ansprechender Partikel auf nichtmagnetischen 
Zielteilchen gebildet sind, auf einer Auffangoberfla- 
che mittels Bindung zwischen den Mitgliedern eines 
spezlfischen Bindungspaars, 

wobei die Vorrichtung umfasst: 

(a) Magnetmittel zur Bereltstellung eines Ma- 
gnetfelds; und 

(b) eine Auffangoberflache, die in dem durch 
das Magnetmittel erzeugten Magnetfeld ange- 
ordnet ist, wobei an mindestens einem Teil der 
AuffangoberflSche ein Mitglied des spezlfi- 
schen Bindungspaars festgehalten wird; 
dadurch gekennzeichnet, dass das an der 
Auffangoberflache festgehaltene Mitglied des 
spezlfischen Bindungspaars so gewahit ist. 
dass es ein spezlfisches Bindungspaar mit ei- 
nem Mitglied, das mit den nichtmagnetischen . 
Zielteilchen assozliert ist, statt mit den magne- 
tisch ansprechenden Partikein bildet und dass 
die Vorrichtung auch 

(c) Positionlerungsmittel enthSIt, die in WIrk be- 
ziehung mit der Auffangoberflache in dem Ma- 
gnetfeld stehen, um einen Magnetfeldgradien- 
ten mit einem festgelegten Muster auf dem Teil 
. der Auffangoberflache zu erzeugen, der das 

Mitglied des spezlfischen Bindungspaars fest- 
halt, wodurch beim Gebrauch der Vorrichtung 
die magnetisch markierten Verbunde dazu ge- 
bracht werden, unter Einfluss des Magnetfeld- 
gradientien an der Auffangoberflache zu haften 
und auf der Auffangoberflache In dem festge- 
legten Muster immobilisiert zu werden, wenn 
sie Bedingungen ausgesetzt werden, die die 
Reaktion zwischen den Mitgliedern des spezl- 
fischen Bindungspaars fdrdern. 

10. Vorrichtung nach Anspruch 9, bei der das Positio- 
nlerungsmittel ist ferromagnetisches Positionle- 
rungsmittel ist. 

1 1 . Vorrichtung nach Anspruch 1 0, bei der das ferroma- 
gnetische Positionlerungsmittel eine Reihe ferro- 
magnetischer Streifen umfasst, die in einer eng be- 
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abstahdeten parallelen Gruppierung in dem Feld 
angeordnet sind. 

12. Vorrichtung nach Anspruch 1 0, bei der das Magnet- 
mlttel eine Reihe magnetischer Pole umfasst und 
das ferromagnetische Positionierungsmlttel eine 
Reihe langlicher, magnetislerbarer Distanzstucke 
umfasst, die zwischen den Rolen angeordnet sind. 

Revendications . 

1 . Proc6d6 pour rimmobllisation d'entit6s partlculaires 
non magn6tiques cibles sur une surface de collecte 
par rinterm6diaire du liage entre les 6l6nnents d'une 
paire de liage sp^cifique, lesdites entit^s particulai- 
. res cibles 6tant pr^sentes dans un melange avec 
au moins une autre substance npn magn6tique, le- 
dit proc^d^ comprenant les Stapes consistant k : 

(a) attacher des particuies magn^tiquement 
senslbles auxdites entit6s partlculaires cibles 
pour former des composites etiquet6s 
magn§tiquement ; 

(b) fournir un champ magn6tique ; 

(c) disposer ladite surface de collecte dans ledit 
champ magn^tique, au moins une partie de la- 
dite surface de collecte ayant fix6 sur elle un 
6l6ment de ladite paire de liage sp6cifique ; 

(d) faire adherer lesdits composites 6tiquet6s 
magn^tlquement k ladite surface de collecte 
sous I'influence dudit champ magn6tique ; 

(e) soumettre lesdits composites ayant adh6r6 
et qui sont §tiquet§s magnetiquement k des 
conditions favorisant la reaction entre les 616- 
ments de ladite paire de liage sp6ciflque ; et 

(f) retirer tout composite 6tlquet6 magnetique- 
ment exc^dentaire, et toute substance non ma- 
gn^tique exc6dentaire, presents sur ladite sur- 
face de collecte pour donner lesdits composites 
6tiquet6s magnetiquement immobilises sur la- 
dite surface de collecte ; 

caracterise en ce que I'autre element de ladite pai- 
re de liage specifique est associe auxdites entites 
partlculaires non magnetlques cibles piutot qu'^ la- 
dite etiquette magnetlque, et en ce qu'un gradient 
de champ magnetique ayant un profil predetermine 
est produit sur la partie de ladite surface de collecte ' 
fixant ledit autre element de la paire de liage sped- 
fique, ce par quoi lesdits composites etiquetes ma- 
gnetiquement adherent k ladite surface de collecte 
sous I'influence dudit gradient de champ magneti- 
que et, apres le retralt de tout composite etiquete 
magnetiquement exc6dentalre et de toute surface 
non magnetique excedentaire , presents sur ladite 
surface de collecte, lesdits composites etiquetes 
magnetiquement sont retenus k retat immobilise 



sur ladite surface de collecte dans ledit profil prer 
determine. 

2. Precede selon la revendication 1 , dans lequel un 
5 moyen de localisation ferromagnetique est posi- 
tionne par rapport k ladite surface de collecte de 
telle fagon que ledit gradient de champ magnetique 
ayant un profil predetermine soit 6tabli. 

10 3. Precede selon la revendication 1 ou 2, dans lequel 
lesdites entites partlculaires cibles sont seiection- 
nees k partir de cellules, composants de cellules, 
bacteries et virus. 

4. Precede selon la revendication 1 ou 2, dans lequel 
lesdites entites particuiaires cibles sont selection- 
nees k partir de leucocytes, de cellules souches he- 
matopoietiques, de lymphocytes T, de cellules NK, 
de lymphocytes B, de monocytes, de cellules den- 
dritiques, de granulocytes, de cellules ancetres, 
d'erythrocytes, de trophoblastes, de cellules epithe- 
llales, de cellules endotheilales, de cellules foeta- 
les, de celluleis mesenchymales et de cellules neu- 
rales. 

5. Precede selon Tune quelconque des revendications 
1 k 4, dans lequel ladite paire de liage specifique 

. est seiectlonnee parmi les: anticerps/recepteur. 
antlcorps k chaTne unique/recepteur, proteine/re- 
cepteur, peptide/recepteur, acide nucieique/recep- 
teur, haptene/anti-haptene, antl-lectine/lectine; bio- 
tine/avidlne, biotine/streptavldine, compose inter-, 
calaire lipide/bicouche lipide, et membrane de cel- 
lule chargee negativement/surface chargee positi- 
vement. 

6. Precede selon I'une quelconque des revendications 
^ kS, comprenant en outre I'analyse par microsce- 
ple desdites entites particuiaires immobilisees. 

40 

7. Precede selon I'une quelconque des revendications 
1 k 5, comprenant en outre I'analyse par cytechimie 
k fluorescence desdites entites particuiaires immo- 
bilisees. 

45 

8. Precede selon I'une quelconque des revendications 
1^5, comprenant en outre I'analyse par immuno- 
cytochimie desdits entites particuiaires immobili- 
sees. 

50 

9. Apparell pour rimmebilisation de composites eti- 
quetes magnetiquement, formes en attachant des 
particuies magnetiquement senslbles k des entites 
particuiaires non magnetiques cibles, sur une sur- 

55 face de collecte par le liage entre les elements d'une 
paire de liage specifique, ledit apparell 
comprenant: 
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(a) un moyen magn^tique pour fournir un 
champ magn^tique ; et 

(b) une surface de collecte dispos^e dans le ■ 
champ magn^tique g6n6r6 par ledit moyen ma- 
gn^tique, au moins une partle de ladite surface 5 
de collecte ayant fix6 sur elle un 6l6merit de la- 
dite paire de llage sp^ciflque ; 

caracteris6 en ce que I'^l^ment de ladite paire 
de liage sp§clflque flx6e k ladite surface de col- 
lecte est s6lectionn6e de fagon ^ former une io 
paire de liage sp^cifique avec un ^l^ment as- 
S0CI6 aux entlt6s particulaires non magn6ti- 
ques cibles, plutot qu'auxdites particules ma- 
gnetiquement sensibles, et en ce que I'appareil 
comprend en outre is 

(c) un moyen de localisation associ6 en fonc- 
tionnement avec ladite surface de collecte dans 
ledit champ magn^tique pour prbduire un gra- 
dient de champ magn^tique ayant un profil pr6- 
d^termin^ sur la partie de ladite surface de col- 20 
lecte fixant I'^l^ment de ladite paire de liage 
sp6cifique, ce par quo! lors de I'utilisation de 
I'appareil, lesdits composites 6tiquet6s magn6- 
tiquement sont conduits k adherer k ladite sur- 
face de collecte sous influence dudit gradient 25 
de champ magn6tique et s'immobiliser sur la- 
dite surface de collecte selon ledit profil pr6d6- 
termln6 quand ils sont soumis k des conditions 
favorisant la reaction entre les §l6ments de la- 
dite paire de liage sp^cifique. so 

10. Appareil selon la revendication 9, dans lequel ledit 
moyen de localisation est un moyen de localisation 
ferromagn6tique. 

35 

1 1 . Apparieil selon la revendication 1 0, dans lequel ledit 
moyen de localisation ferromagn^tique comprend 
une s6rie de lamelles ferromagn6tiques position- 
n^es dans des rang^es ^troitement espac^es dans 
ledit champ. 40 

12. Appareil selon la revendication 10, dans lequel ledit 
moyen magn6tique comprend une s6rie de p6les 
magn6tiques et ledit moyen de localisation ferroma- 
gn^tique comprend une s^rie d'entretoises allon- 45 
g§es pouvant §tre magn6tis4es, dispos^es entre 
lesdits pdles. 
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Description 

[0001] La presente invention concerne de nouvelles 
compositions et methodes pour la detection d'6vene- 
ments pathologiques. Elle concerne plus particuliere- 5 
ment des compositions et methodes de detection d'eve- 
nements pathologiques d distance. L'invention concer- 
ne egalement des outils, kits et compositions pour la mi- 
se en oeuvre de telles methodes, ainsi que leurs utilisa- 
tions dans le domaine de la sante humaine ou animale, 
ou en recherche experimentaie par exemple. 
[0002] Avec le vieillissement de la population dans les 
pays industrialises, apparaissent de nouveaux besoins 
en matiere de diagnostic. Les maladies telles que les 
cancers, les maladies neurodegeneratives seraient 15 
mieux prises en charge pour le benefice des patients et 
de la socl^te si Ton disposait de diagnostics prSdictifs 
de I'apparition et de revolution de la pathologie. 
[0003] L'experience montre que plus le diagnostic est 
pose precocement plus les chances de controler I'evo- • 20 
lution probable de la maladie sont grandes. C'est le cas, 
tres clairement des cancers. Les campagnes de detec- 
tion precoce des cancers du sein par mammographie 
systematique ont permis d'ameliorer I'esperance de sur- 
vie a ces cancers. De meme, on peut supputer qu'une 25 
prise en compte precoce des patients developpant une 
maladie d'Alzheimer permettrait de ralentir significative- 
ment son Evolution. 

[0004] Ces maladies, telles les cancers et maladies 
neurodegeneratives, ont une incidence qui augmente 30 
fortement avec I'age de la population. II est probable que 
ces maladies prennent des ann^es avant de s*installer 
et de pouvoir etre detectees. II ressort par exemple que 
Taccumulation d'alterations successlves au niveau du 
genome humain est requise pour aboutir a I'initiation de 35 
cancers. De meme des etudes genetiques realis6es 
dans des populations choisies presentant une incidence 
forte de maladie d'Alzheimer, associees a des experien- 
ces de genetique chez ranimai, soulignent 6galement 
le caractere multifactoriel de initiation de cette patho- 40 
logie. 

[0005] Ces pathologies liees au vieillissement pr§- 
sentent des caract^ristiques communes, telles que : 

des alterations cellulaires survenant a la suite de ^5 
d^sequilibres de Tenvironnement des tissus incri- 
mines Ii6s d des agressions physiques, chlmiques 
ou biologiques ; 

la contribution des cellules du syst^me immunitalre. 

50 

[0006] Si les alterations des tissus Incrimin6s ne sont 
pr§f6rentiellement identifi^es qu'd la suite de biopsies, 
il se pourrait que des alterations des cellules immunitai- 
res, reflet d'un developpement pathologique en cours, 
puissent §tre d§tect6es d distance des foyers de d6ve- 55 
loppement de ces pathologies, puisque la plupart des 
cellules du systeme immunitaire evoluent entre les tis- 
sus et le compartiment sanguin ou les ganglions lym- 



phatiques. 

[0007] Les cellules lymphocytaires et les macropha- 
ges sont les principaux mediateurs de la reponse immu- 
nitalre cellulaire. Lymphocytes et macrophages sont 
presents dans les tissus ainsi que dans le sang. Ce sont 
ces cellules qui entrent les premiers en contact avec les 
tissus etrangers ^ I'organisme. Ces cellules macropha- 
glques degradent les tissus et substances incrimines. 
Les peptides issus des proteines degradees sont ensui- 
te fixes par des molecules du systeme majeur d'histo- 
compatlbilite de classe II qui les amenent a la surface 
du macrophage ou ces complexes sont reconnus par 
les lymphocytes T. D'autres systemes de presentation 
de peptides et d'activation des reponses immunitaires 
existent et ont ete decrits notamment dans le cas du de- 
veloppement de cancers. 

[0008] Aujourd'hui les diagnostics de ce type de ma- 
ladies sont faits alors que la pathologie est installee. 
Pour ce qui est des cancers, par exemple, le diagnostic 
est pose a partir d'une imagerie medicale et d'un dia- 
gnostic morphologique des tissus obtenus a la suite de 
biopsies. Pour une pathologie comme la maladie 
d'Alzheimer c'est un falsceau d'observatlons m6dicales 
qui permet de poser le diagnostic. 
[0009] II existe done un reel besoin de disposer 
d'outils et de methodes permettant de d^pister de ma- 
niere precoce, simple et fiable Tapparition de patholo- - 
gies, notamment de pathologies liees a un dereglement 
des m^canlsmes de regulation des voies de slgnalisa- 
tion cellulaire, en particulier des pathologies caracteri- 
s6es par une hyper-proliferation cellulaire (cancer, de- 
g6nerescence nerveuse, st6nose, etc). 
[0010] L'introduction des techniques Issues de la bio- 
logie mol6culaire, associee a la bio-informatique, a per- 
mis de concevoir des librairies (ou banques) de frag- 
ments d'ADN caracterisant un etat pathologique donne, 
permettant de determiner a partir d'un echantillon tres 
petit d'un tissu quelconque, la presence ou I'absence de 
references pathologiques, 

[0011] La presente invention decrit d present une 
nouvelle approche pour la detection de pathologies in 
vitro. Plus particulierement, la presente invention decrit 
de nouvelles methodes et compositions pour la detec- 
tion d'evenements pathologiques, notamment de signa- 
tures gen6tlques pathologiques. L'invention decrit en 
outre des methodes et compositions utilisables pour la 
detection a distance d'evenements pathologiques, 
c'est-a-dire sur des materlels biologiques distincts des 
tissus pathologiques. Les compositions et methodes de 
l'invention offrent ^ present aux cliniciens, biologistes et 
industrlels de nouvelles solutions pour le diagnostic in 
"Vitro, fondles sur des methodes directes, rapldes, sen- 
sibles et economiques, et automatisables. 
[0012] Plus particulierement, la presente invention re- 
pose notamment sur la mise en Evidence qu'il est pos- 
sible de determiner, a partir d'echantillons biologiques 
comprenant des cellules circulantes. la presence ou le 
risque de developpement d'une pathologie. Plus parti- 
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cuiierement, rinvention repose sur la mise en evidence 
qu*il est possible de d6tecter dans un ^chantillon blolo- 
gique comprenant des cellules sanguines, I'existence 
d'une pathologic, y compris a des stades tres precoces 
d'initlation ou de d^veloppement, auxquels tout autre 5 
diagnostic existant serait inefftcace. 
[0013] Un premier objet de invention reside plus par- 
ticuli^rement dans un proc6de de detection in vitro de 
la presence d*une pathologie chez un sujet, selon la re- 
vendication 1 . io 
[0014] Plus pr^f^rentiellement, le proc6d6 de inven- 
tion comprend la determination de la presence, dans 
I'echantillon, de cellules sanguines presentant des alte- 
rations de I'expression genetique caracteristiques de ia 
presence de la pathologie. 15 
[0015] Ainsi, ia presente invention repose d'une part 
sur I'utiiisation de cellules sanguines pour la realisation 
d'un test a distance de la presence d*un evenement pa- 
thologique et, d'autre part, sur {'utilisation de technolo- 
gies g6nomiques permettant de d^tecter des alterations 20 
de I'expression (en particulier de la transcription) du ge- 
nome dans ces cellules. 

[0016] Selon une variante particuliere, la presente in- 
vention comprend done plus preferentiellement la de- 
termination de la presence, dans un echantillon biologi- 25 
que, de cellules sanguines presentant des alterations 
transcriptionnelles et/ou post-transcriptionnelles de 
Texpression genetique, caracteristiques de la presence 
d'une pathologie. 

[0017] L'invention reside en la demonstration qu'il est 30 
possible de detecter une pathologie en cours de forma- 
tion a partir de signatures genomiques identifiees dans 
les cellules sanguines, les foyers embryonnaires patho- 
logiques pouvant exister dans des tissus nerveux com- 
me le cerveau ou la moelle epiniere (sites de maladies 35 
neurodegeneratives) ou dans tout autre tissu par exem- 
ple a I'origine d'un cancer (sein, poumon, prostate, foie, 
tissu osseux etc.). 

[0018] L'invention demontre d'une maniere inatten- 
due qu'il existe au niveau des cellules sanguines (pre- 40 
ferentiellement des cellules nucieees. telles que lym- 
phocytes, macrophages, monocytes, cellules dendriti- 
ques, etc.) des alterations transcriptionnelles et post- 
transcriptionnelles de I'expression genetique d la suite 
d'interaction(s) directe(s) ou indirecte(s) avec les cellu- 45 
les en cours d'initiation pathologique. 
[0019] Plus particulierement, l'invention demontre 
d'une maniere inattendue qu'il existe au niveau des cel- 
lules sanguines (preferentiellement des cellules nu- 
cieees, lymphocytes, macrophages, monocytes, cellu- 50 
les dendritiques. etc.) des alterations de la transcription 
quaWatives des genes d la-sutte-d'lnteraction(s) directe- - 
(s) ou indirecte(s) avec les cellules en cours d'initiation 
pathologique. 

[0020] Plus particulierement, dans un mode de mise 55 
en oeuvre de l'invention, la banque utilisee comprend 
en outre des acides nucieiques specifiques de genes 
dont le niveau d'expression est modifie dans une cellule 



sanguine provenant d'un organisme presentant une si- 
tuation pathologique. 

[0021] L'invention est basee notamment sur une me- 
thode originate, I'analyse qualitative des differences 
liees k la presence d*insertlons ou de deletions (epissa- 
ges alternatifs) dans des regions essentielles pour la 
fonction des produits des genes. Ces insertions et de- 
letions sont precisement regutees et sont caracteristi- 
ques des etats physiologiques et physiopathologiques 
(notamment proliferatifs et differencies) des cellules de 
I'organisme. Ce niveau de regulation est affecte au 
cours de I'initiation, du maintien et du developpement 
d'un grand nombre de pathologies. Dans un mode pre- 
fere, {'invention reside done aussi dans I'application 
d'une technologie genomlque destinee a analyser sys- 
tematiquement ces deregulations S la mise au point de 
diagnostics predictifs. L'invention permet ainsi d'identi- 
fier les genes dereguies dans des cellules circulantes 
lors d'evenements pathologiques, et d'utiliser ces eve- 
nements genetiques qualitatifs dans des tests diagnos- 
tiques, predictifs ou de detection d'evenements patho- 
logiques, qui contribuent a la mattrise globale des de- 
penses de sante. 

[0022] Dans la perspective d'identifierdes marqueurs 
d'expression genetique specifiquement presents dans 
les cellules sanguines d'un organisme presentant une 
pathologie, par exemple ^ un stade trop precoce pour 
pouvoir etre diagnostique par examens cliniques ou 
tests diagnostics classiques, la presente invention pro- 
pose avantageusement d'identifierdes alterations post- 
transcriptionnelles. En effet ces alterations sont princi- 
palement la consequence de ia modification de la regu- 
lation d'une etape-clef de I'expression genique : repis- 
sage. Les variations d'epissage modifient de fagon qua- 
litative les ARN en incluant ou en excluant de ceux-ci 
des exons ou introns dont la presence ou I'absence liee 
^ une situation physiopathologique donnee peut fournir 
la base pour un diagnostic. Ce diagnostic peut etre base 
sur {'utilisation de PCR ou d'hybridations qui permettent 
de detecter specifiquement la sequence epissee de fa- 
gon differentielle entre les deux situations. Souvent les 
variations d'epissage, par utilisation d'exon(s) attematif 
(s) ou par retention d'intron(s) dans un ARN messager 
affectent la sequence de la proteine correspondante. 
Ces differences dans Tenchamement d'acides amines 
permettent d'envisager un diagnostic base sur I'utilisa- 
tion d'anticorps qui reconnaissent specifiquement la se- 
quence proteique alternative. 

[0023] Comme indique ci-avant, le precede de l'in- 
vention repose notamment sur Tutilisation de cellules 
circulantes comme materiel biologique. Plus particulie- 
rementril s'agit de cellules sanguines, et de preference - 
de cellules nucieees. On peut citer notamment les lym- 
phocytes, macrophages, monocytes, cellules dendriti- 
ques, etc. Ces cellules peuvent etre preievees chez un 
sujet par toute technique connue de I'homme du metier, 
cytapherese, gradients Ficoll, preparation de cellules 
mononucieees du sang peripherique, etc. Pour la mise 
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en oeuvre de ia presente invention, les differentes po- 
pulations de cellules sanguines peuvent §tre s§par6es 
les unes des autres, pour n'utiliser qu'un type particulier, 
presentant une signature genomique specifique. Toute- 
fois, te test de invention peut egalement etre r^alis^ sur 
un echantillon biologique comprenant de cellules san- 
guines non separees. Par ailleurs. les cellules circulan- 
tes peuvent Egalement dtre (ou comprendre) des cellu- 
les tumorales, detachees du tissu pathologique, par 
exemple dans le cas de processus de metastases. Les 
acides nucleiques peuvent etre prepares de I'echan- 
tillon selon toute technique connue de rhomme du me- 
tier (lyse cellulaire, extraction, isolementdes ARN, etc.). 
En outre, ces acides nucleiques sont preferentiellement 
traites prealablement a I'etape d'hybridation, par exem- 
ple pour produire de ADNc. pour amplifier ces acides 
nucleiques. pour les marquer, etc. A cet egard, le mar- 
quage peut etre par exemple radioactif, enzymatique, 
fluorescent, colorlmetrique. ou de toute autre nature. Ty- 
piquement. le proced6 de I'invention comprend le pr6- 
levement d'un echantillon biologique sanguin, le traite- 
ment des cellules sanguines pour liberer les acides nu- 
cleiques, Tamplification des acides nucleiques (et, le 
cas echeant, leur transcription inverse), le marquage 
des acides nucleiques et leur hybridation sur la ou les 
banques. 

[0024] Le precede de I'invention peut etre utilise pour 
d6tecter la presence d'une pathologie (ou d'un evene- 
ment pathologique), c'est-a-dire I'existence de mecanis- 
mes cellulaires caract6ristiques d'une situation d'initia- 
tion ou de developpement d'une pathologie, meme si 
les symptomes cliniques ne sont pas encore apparents. 
Le precede de I'invention peut a cet egard permettre 
Egalement la detection in vitro du stade d'evolution 
d'une pathologie chez un sujet. Ainsi, les signatures ge- 
netiques des cellules evoluent en fonction du stade 
d'avancement de la pathologie, et il est possible de d6- 
tecter, grace d des banques specifiques, revolution 
d'une pathologie. D'autre part, le proc^de de I'invention 
permet aussi de d^tecter in vitro la localisation d'une pa- 
thologie chez un sujet, c'est-a-dire par exemple I'origine 
tissulaire du foyer pathologique. 
[0025] Comme indiqu6 ci-avant, le proc§d6 de Tin- 
vention peut etre mis en oeuvre pour detecter differents 
types de pathologies, notamment des pathologies as- 
sociees d des deregulations des voies de signalisations 
cellulaires. II peut s'agir de pathologies liees au vieillis- 
sement, comme par exemple les maladies neurodege- 
neratives, ou de toute autre pathologie impliquant no- 
tamment une proliferation cellulaire anormale (cancer, 
stenose, etc.). 

-[0026] Selon un-mode papt^culier, I'invention concerne 

un precede tel que defini ci-avant pour la detection in 
vitro de la presence, du stade d'evolution et/ou de la lo- 
calisation d'une pathologie neurodegenerative. 
[0027] Selon un autre mode particulier, I'invention 
concerne un precede tel que defini ci-avant pour la de- 
tection in vitro de la presence, du stade d'evolution et/ 



ou de la localisation d'une pathologie cancereuse. II 
peut s'agir de cancers varies, comme par exemple de 
tumeurs solides (hepatiques, pulmonaire, tete et cou, 
meianome, foie, vessie, sein, etc.). 

5 [0028] L'invention decrit egalement un procede de 
detection in vitro de cellules sanguines caracteristiques 
d'un etat pathologique, comprenant le preievement d'un 
echantillon de cellules sanguines chez un sujet et la de- 
termination de la presence, dans cet echantillon, de cel- 

10 lules sanguines presentant un profil genetique caracte- 
ristique d'une pathologie. 

[0029] Comme decrit ci-avant, I'invention repose en 
partie sur la constitution et I'utilisation de banques d'aci- 
des nucleiques caracteristiques d'un etat pathologique. 

15 Dans un premier mode de realisation, il s'agit de ban- 
ques (ou de preparations) d'acides nucleiques, compre- 
nant des acides nucleiques specifiques de genes dont 
le niveau d'expression est modifie dans une cellule san- 
guine provenant d'un organisme dans une situation pa- 

20 thologique. 

[0030] Selon un autre mode de realisation, ii s'agit de 
banques (ou de preparations) d'acides nucleiques com- 
prenant des acides nucleiques specifiques de formes 
d'epissages de genes, caracteristiques d'une cellule 

25 sanguine provenant d'un organisme dans une situation 
pathologique. 

[0031] Les preparations et banques de I'invention 
peuvent etre deposees sur des supports, affinees et me- 
langees, comme il sera decrit plus en details dans la 

30 suite du texte. 

[0032] L'invention decrit encore des methodes pour 
la preparation de telles banques. En particulier, ces me- 
thodes comprennent (i) I'obtention d'une premiere pre- 
paration d'acides nucleiques a partir d'une cellule san- 

35 guine isoiee d'un organisme presentant une pathologie 
neurodegenerative ou une tumeur solide, (ii) I'obtention 
d'une preparation d'acides nucleiques de reference a 
partir d'une cellule sanguine isoiee d'un organisme ne 
presentant pas ladite pathologie, (iii) une etape d'hybri- 

40 dation entre ladite premiere preparation et la prepara- 
tion de reference, et (iv) la recuperation, a partir des hy- 
brides formes, de clones d'acides nucleiques specifi- 
ques de formes d'epissages de genes caracteristiques 
de la cellule sanguine provenant de Torganisme en si- 

45 tuation de pathologie. 

[0033] L'invention decrit egalement des procedes de 
preparation de banques d'acides nucleiques caracteris- 
tiques du stade d'evolution d'une pathologie, compre- 
nant (i) I'obtention d'une premiere preparation d'acides 

50 nucleiques a partir d'une cellule sanguine isoiee d'un or- 
ganisme presentant une pathologie neurodegenerative 

— -ou une-tumeur-solide a-un stade d'evolution determine, 
(ii) I'obtention d'une preparation d'acides nucleiques de 
reference a partir d'une cellule sanguine isoiee d'un or- 

55 ganlsme presentant ladite pathologie e un stade d'evo- 
lution different, (iii) une etape d'hybridation entre ladite 
premiere preparation et la preparation de reference, et 
(iv) la recuperation, d partir des hybrides formes, de clo- 
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nes d'acides nucleiques specifiques de formes d'epis- 
sages de genes caracteristiques de la cellule sanguine 
provenant de i'organisme au stade d'6volution d^temni- 
ne de la pathologie. 

[0034] Comme 11 sera expiiqu6 en details plus loin, 
I'etape de recuperation des clones peut comprendre soit 
la recuperation des clones d'acides nucleiques non liy- 
brid^s, soit la recuperation, k partir des hybrides formes, 
de clones d'acides nucleiques specifiques de formes 
d'epissages de genes. 

[0035] L'invention conceme egalement tout kit utilisa- 
ble pour la mise en oeuvre d'un precede tel que decrit 
ci-avant comprenant une banque d'acides nucleiques 
comprenant des acides nucleiques specifiques d'altera- 
tions d'expression genetique caracteristiques de cellu- 
les sanguines d'un organisme en situation pathologi- 
que. 

Identification de marqueurs specifiques des modi- 
fications transcriptionneiies et post-transcription- 
nelles 

[0036] Comme indique ci-avant, l'invention decrit des 
precedes de preparation de banques d'acides nuclei- 
ques caracteristiques du stade d'evolution d'une patho- 
logie, comprenant (I) I'obtention d'une premiere prepa- 
ration d'acides nucleiques a partir d'une cellule sangui- 
ne isolee d'un organisme presentant une pathologie a 
un stade d'evolution determine, (11) i'obtention d'une pre- 
paration d'acides nucleiques de reference a partir d'une 
cellule sanguine isolee d'un organisme presentant ladi- 
te pathologie a un stade d'evolution different, (iii) une 
etape d'hybridation entre ladite premiere preparation et 
la preparation de reference, et (iv) la recuperation des 
acides nucleiques caracteristiques de la cellule sangui- 
ne provenant de I'organisme au stade d'evolution deter- 
mine de la pathologie. 

[0037] Les methodes de l'invention comprennent plus 
particulierement la constitution de clones et de banques 
d'acides nucleiques ^ partir d'ARN(s) extraits de diffe- 
rentes pathologies, a differents stades de leur progres- 
sion, et obtenues aussi bien a partir de tissus patholo- 
giques que des cellules sanguines dont I'expression ge- 
netique a ete affectee par ces tissus. L'obtention de ces 
clones et de ces banques se fait avantageusement par 
des techniques d'analyses differentielles de I'expres- 
sion genetique. Les signatures differentielles obtenues 
sent done specifiques de differences entre tissu malade 
et tissu sain d'une part et cellules sanguines de malade 
et cellules sanguines de temoln sain d'autre part. Ces 
signatures peuvent done etre exprimees preferentielle- 
-ment soit dans les echantillons-pathologiques soit dans- 
les echantillons controles. 

[0038] Les populations d'acides nucleiques servant a 
I'obtention de clones ou e la constitution de banques 
sent par exemple des ARN (totaux ou messagers) des 
cellules extraits d'une situation pathologique et des 
ARN (totaux ou messagers) correspondant d une situa- 



tion controle, ou des acides nucleiques derives des ces 
ARN totaux ou messagers (par transcription inverse, 
amplification, clonage dans des vecteurs, etc.). Ces aci- 
. des nucleiques peuvent etre prepares selon les techni- 

5 ques connues de I'homme du metier. Brievement, ces 
techniques comprennent generalement une lyse des 
cellules, tissu ou echantillon, et I'isolement des ARNs 
par des techniques d'extraction. II peut s'agir en parti- 
culier d'un traitement au moyen d'agents chaotropiques 

10 tels que le thiocyanate de guanidium (qui detruit les cel- 
lules et protege les ARN) suivi d'une extraction des ARN 
au moyen de solvants (phenol, chloroforme par exem- 
ple). De telles methodes sent bien connues de I'homme 
du metier (voir Maniatis et al., Chomczynski et al., Anal. 

15 Blochem. 162 (1987) 156), et peuvent etre aisement 
pratiquees en utilisant des kits disponibles dans le com- 
merce tels que par exemple le kit US73750 (Amersham) 
pour les ARN totaux. II n'est pas necessaire que les ARN 
utilises soient parfaitement purs, et notamment il n'est 

20 pas genant que des traces d'ADN genomique ou 
d'autres composants cellulaires (proteine, etc.) subsis- 
tent dans les preparations, des lors qu'ils n'affectent pas 
significativement la stabilite des ARNs. En outre, de ma- 
niere facultative, il est possible d'utiliser non pas. des 

25 preparations d'ARN totaux mais des preparations 
d'ARN messagers. Ceux-cl peuvent etre isoles, soit dl- 
rectement a partir de I'echantillon biologique soit a partir 
des ARN totaux, au moyen de sequences polyT, selon 
les methodes classiques. L'obtention d'ARN messagers 

30 peut a cet egard etre realisee au moyen de kits com- 
merciaux tels que par exemple le kit US72700 (Amers- 
ham). Les ARN peuvent 6galement etre obtenus direc- 
tement a partir de banques ou autres echantillons pre- 
pares d I'avance et/ ou accessibles dans des coilec- 

35 tions, conserves dans des conditions appropriees. 
[0039] L'hybridation peut etre realisee dans differen- 
tes conditions, qui peuvent etre ajustees par I'homme 
du metier. De preference, on utilise pour l'hybridation un 
exces de la population d'acides nucleiques derives de 

^0 la situation de deregulation par rapport a la population 
d'acides nucleiques derives de la situation de controle. 
[0040] A partir du produit de la reaction d'hybridation, 
deux types principaux d'approches peuvent etre utilises 
pour isoler les clones caracteristiques de deregulations 

45 (pathologiques) selon l'invention. La premiere, pure- 
ment quantitative, permet de generer une preparation 
d'acides nucleiques regroupant I'ensemble (ou une part 
significative) des clones resultant d'une difference de ni- 
veau d'expression entre les deux situations. De tels clo- 
se nes (et banques) sont obtenus selon les techniques 
connues d'hybridation soustractive, consistent essen- 

tiellement-d eiiminer-les hybrides foFmes<k>rs de retape - 

d'hybridation, pour ne conserver que les clones non hy- 
brides, caracteristiques de la situation de deregulation 

55 par rapport ci la situation de contrdle choisie. 

[0041] Dans un mode prefere de mise en oeuvre, on 
utilise cependant un precede qualitatif. qui permet de 
generer une preparation d'acides nucleiques regrou- 
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pant rensemble (ou une partle importante) des clones 
resultant d*alt6rations g6n6tiques fonctionnelles carac- 
teristlques de la situation de deregulation par rapport d 
ia situation de controle choisie. Plus particulierement, 
une telle banque qualitative comprend non pas Tensem- 
ble des clones dont I'expresslon est modifiee, mais par 
exenfiple les clones correspondant a des epissages ou 
a des delations diff6rentielles entre les deux situations. 
Compte tenu du role des epissages alternatifs dans les 
voies de regulation et de transformation cellulaires, de 
telles preparations (et banques) comportent avantageu- 
sement des clones ayant une valeur fonctionnelle im- 
portante, et done susceptibles de refleter des modifica- 
tions genetiques impliqu6es dans la situation de dere- 
gulation. De tels clones permettent done de constltuer 
des banques plus predictives et de generer des mar- 
queurs genetiques plus representatifs. 
La constitution de telles banques qualitatives peut etre 
realisee par isolement, a partir des hybrides formes lors 
de retape d'hybridation, des regions d'acides nuciei- 
ques correspondant a des epissages differentiels ou a 
des deletions. Selon les methodes employees, ces re- 
gions correspondent soit aux regions non appariees, 
soit aux regions appariees. 

[0042] Ces deux approches sont decrites plus en de- 
tails dans ce qui suit. 

Production et utilisation de banques difFdrentieiies 
quantitatives 

[0043] Dans un premier mode de mise en oeuvre, on 
utilise done dans la presente invention une banque dif- 
ferentielle quantitative, c'est a dire une banque compre- 
nant des clones d'acides nucieiques correspondant d 
des genes dont le niveau d'expression est modifie dans 
des cellules en situation pathologique par rapport a une 
situation controle. De telles banques peuvent etre is- 
sues par exemple d'analyses differentlelles quantitati- 
ves, et regrouper les sequences dont I'expression est 
augmentee ou diminuee lors de phenomenes de dere- 
gulation cellulaire. Les methodologies pour etablir ce ty- 
pe de banque sont connues de I'homme de metier et 
peuvent etre regroupees dans les categories 
suivantes : 

Soustraction electronique a partir de Sequengage a 
Haut Flux 

[0044] Ce procede est base sur le sequengage aiea- 
toire d'un certain nombre de cDNAs. Un moteur de re- 
cherche informatique peut ensuite etre utilise pour ef- 
- fectuer une-soustractiorv entre -deux situations analy- 
sees. 

« Serial Analysis of Gene Expression (SAGE) » 

[0045] Ce precede est base sur la reconnaissance 
d'une signature associee a chaque cDNA en utilisant 



des enzymes de restriction et des oligonucleotides 
adaptateurs. Cette etiquette correspond a une partie de 
la sequence du cDNA (longue de 10 nucleotides afin 
d'identifier de fagon non ambigue le cDNA correspon- 
5 dant). Ces etiquettes sont ensuite assembiees pour etre 
sequencees puis analysees (Veleuleseu et coll., Scien- 
ce, 1995, 270:484-487). Cette approche represente 
done un raccourei vis-a-vis du sequengage systemati- 
que. 

10 

« Nucleic Acid Arrays » 

[0046] Cette methode repose sur le depot d'acides 
nucieiques (oligonucleotides, fragments PCR. cDNAs) 

15 sur supports solides (membranes, plaques de verre, 
bio-puces) a plus ou moins haute densite. Des sondes 
provenant d'ARN messagers d*echantillons sains ou pa- 
thologiques sont ensuite utilisees pour hybridation afin 
d' identifier les messagers qui sont ou bien sur-exprimes 

20 ou bien reprimes. 

« Differential Display » 

[0047] Cette technique utilise une amorce olIgo-dT et 
25 des amorces aieatoires pour r6aliser des reactions PCR 
sur des populations d' ADNc. Les produits de PCR sont 
alors compares sur des gels tres resolutifs. Les frag- 
ments exprimes de fagon differentielle sont ensuite iso- 
les et ieur presence est confirmee par Northern-blots 
30 avant sequengage. 

Plusieurs variantes de cette technologle ont ete deve- 
loppees (Prashar et Weissman, PNAS, 1996, 93: 
659-663). Ces variantes different par Ieur amorces et 
par le choix des enzymes de restriction et des adapta- 
35 teurs utilises. Comme la technologle SAGE, elles 
s'adressent aux extremites 3' des cDNAs. Plusieurs kits 
sont egalement disponibles sur le marche afin de rendre 
accessible cette approche. 

"fo Clonage par soustraction 

[0048] Cette technique est basee sur reiimination de 
cDNAs communs d deux echantillons que Ton desire 
comparer. Ainsi, differents kits de soustraction dans les- 
45 quels le cDNA 'tester' est hybride a un exces de cDNA 
'driver* sont proposes (Clontech). Le produit final est 
constitue d'un pool de fragments amplifies par PCR de- 
rive des cDNAs exprimes de fagon differentielle, qui 
peut etre clone dans un vecteur approprie pour analyse 
50 ulterieure. La technologle RDA (Representational Diffe- 
rence Analysis) est egalement basee sur ce principe de 

— soustFaetion (Lisitsyn -et collrT-SGiencer 1993, -259-: - 

946-951). 

[0049] La mise en oeuvre de ces techniques d*analy- 
55 ses differentlelles permet done de generer des clones 
et des banques quantitatrfs, c'est-a-dire regroupant I'en- 
semble des sequences dont I'expression est augmen- 
tee ou diminuee lors de phenomenes de deregulation 
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(s) cellulaire(s) impliques dans des pathologiques. 

Production et utilisation de banques qualitatives 
differentielles 

[0050] Dans un autre mode de mise en oeuvre, on uti- 
lise avantageusement dans la presente invention une 
banque difFerentielle qualitative, c*est d dire une banque 
comprenant des clones d'acides nuclelques dont une 
partie au moins de la sequence correspond a la sequen- 
ce de g^nes eplss^s dlfF6rentiellenrient entre des cellu- 
les correspondant a une situation pathologtque et une 
situation controle. Ce type de banque regroupe done les 
sequences episs6es de maniere difF6rentielle lors de 
processus de deregulation pathotogique. 
[0051] L'utilisation de ce type de banque est particu- 
lierement avantageuse. En effet, les difF6rentes voles 
de signalisation qui sont alterees dans nombre de pa- 
thologies, comme les cancers et les maladies neurode- 
generatives par exemple, impliquent des g^nes et done 
des ARNm dont I'expression est regulee par epissage 
alternatif. De plus, un nombre croissant d'exemples 
foumis par la litterature montre que des formes d'ARN 
specifiquement observees en pathologie sont le resultat 
d'une alteration de I'epissage. En relation avec I'origina- 
lite de I'invention, il faut souligner aussi que I'etat d'ac- 
tivation des differents types cellulaires qui participent a 
la reponse immunitaire est regule par des cascades de 
signalisation dont les acteurs sont regules par epissage. 
[0052] Ainsi, la d^mence Alzheimer, la maladie de 
Huntington, la maladie de Parkinson sont autant 
d'exemples de maladies ayant un reel impact economl- 
que et presentant une composante neurodegenerative. 
M§me si la description des symptdmes cliniques et 
identification de queiques genes de susceptibilite ont 
permis de faire des pas significatifs dans la connaissan- 
ce de ces maladies, les bases mol6cu1aires soutenant 
le developpement de ces maladies sont toujours tres 
obscures. L'elucidation des cascades de signalisation, 
d6r6gul6es dans ces 6tats pathologiques, conduira 
d'une maniere indubitable a la decouverte de cibles pro- 
pices a I'intervention diagnostique et therapeutique. La 
litterature souligne {'importance des alterations des pro- 
cessus d'epissage des ARN. 

L' Amyotrophic Splnale est Tune des maladies ge- 
netiques les plus frequentes. Deux genes SMN1 et 
SMN2 cedent pour des proteines identiques. la per- 
te des deux alleles SMN1 et une alteration de I'epis- 
sage du gene SMN2 concourent au developpement 
de la maladie (Lorson et coll. Proc. Natl. Acad. Sci. 

- USA 4999r 96'^: 6307-6314-). 

Dans des biopsies de patients atteints de demence 
Alzheimer . il a ete detecte des alterations specifi- 
ques de I'epissage du gene de presinilline PS1 
(Isoe-Wada et coll. Eur. J. Neurol.. 1999 : 163-167) 
Le transporteur au glutamate est d'une importance 
majeure dans des maladies neurodegeneratives 



comme la Sclerose Amyotrophie Laterale ou repi- 
lepsie. par exemple. Des alterations de I'epissage 
de ce transporteur en affectent la fonctionnalite 
. (Meyer et coll . Neurosci. Lett, 1998. 241 : 68-70). 

5 

[0053] De nombreux exemples d'inactivation d'activi- 
te anti-oncogene resultant d'epissages alternatifs des 
messagers correspondant sont aujourd'hui connus : 

10 - Dans les carcinomes pulmonaires a petites cellu- 
les, le gene de la proteine pi 30 qui appartient a la 
famine RB (proteine du retinoblastome) est mute au 
niveau d'un site consensus d'epissage. La conse- 
quence de cette mutation est I'eilmlnation de I'exon 
15 2 qui a pour resultat une absence de synthese de 
la proteine en raison de la presence d'un codon 
« stop » precoce. Cette observation a ete la premie- 
re a souligner importance des membres de la fa- 
mine RB dans la tumorigenese. 
Dans les cancers de la tete et du cou. I'un des me- 
canismes d'inactivation de p53 impllque une muta- 
tion dans un site consensus d'epissage. 
Dans d'autres types de cancers du poumon, le gene 
de la proteine p16/INK4A, proteine qui est un inhl- 
biteur des kinases cyclines-dependantes CDK4 et 
CDK6 est mute au niveau d'un site donneur d'epis- 
sage. Le resultat de cette mutation est la production 
d'une proteine tronquee a demi-vie courte. Or la 
proteine p16 s'associe normalement a CDK4 et 
CDK6, empechant ieur association aux cyclines de 
type D et la phosphorylation en particulier de RB, 
ce qui a pour consequence I'accumulation des for- 
mes hyphosphoryiees, actives, de RB. En I'absen- 
ce de pi 6, RB est inactivee par phosphorylation. II 
est a noter que le locus pi 6 est en fait particullere- 
ment complexe et qu'outre I'expression de pi 6, il 
permet celle de pi 9 par epissage alternatif. La pro- 
teine pi 9 qui n'a aucun aclde amine commun avec 
la proteine p16, peut s'assoeier au proto-oncogene 
MDI\^2 et bloquer le cycle cellulaire en presence de 
p53, exer9ant aInsI une fonetlon « suppresseur de 
tumeur ». 

WT1 , antl-oncogene qui code pour un represseur 
transcriptionnel dont les alterations sont a I'origine 
des tumeurs de Wilms, est transcrit en plusieurs 
ARN messagers engendres par epissages alterna- 
tifs. Dans les cancers du sein, les proportions rela- 
tives des differents variants sont modifiees par rap- 
port au tissu sain, foumissant des outils diagnostics 
et des pistes pour comprendre I'importance des dif- 
ferents domaines fonctionnels de WT1 dans la pro- 

gresslontumorale. — 

Ce meme phenomene de modification des rapports 
entre differentes formes d'ARN messagers et d'lso- 
formes proteiques est retrouve pour la neuroflbrine 
NF1 dans les neurofibromes. 
Cette notion de modulation des phenomenes 
d'epissage signant la progression tumorale est ega- 
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lement renforcee par Texemple de HDM2. Cinq 
6pissages alternatifs de HDM2 sont en effet d6tec- 
tes dans les carcinomes ovahens et pancreatiques 
et, fait particuiierement Interessant, leur expression 
augmente selon le stade d'avancement tumoral. 
La LTBP, composant de la matrice extracellulaire de 
divers tissus intervenant dans la secretion et le 
stockage du TGF-p est aussi produite sous differen- 
tes Isoformes. L'une d'elle, probablement moins 
sensible a )a proteolyse, semble moduler I'activite 
biologique du TGF-p et pourrait §tre impliquee dans 
diff6rents 6tats physiopathologiques h^patiques. 

[0054] Les r§ponses immunitaires cellulaires et hu- 
morales sont sous controle transcriptionnel. La littera- 
ture fournit des exemples nombreux d'isoformes natives 
produites par 6pissage altematif impliqu6es dans ces 
reponses immunitaires. 

les r^cepteurs « §boueurs » des macrophages sont 
des glycoprot§ines membranalres essentlels aux 
reponses physiologlques et pathologiques de ces 
cellules sanguines et leurs fonctions sont regulees 
par des isoformes generees par epissage (Gough 
et coll. J.Lipid Res ; 1998 ; 39 :531-543.) 
L' activation des lymphocytes T requiert la presence 
fonctionrielle de plusieurs recepteurs et proteines 
regulatrices. Boriello et Coll. (J. Immunol. 1995; 
155 :5490-5497) ont rapporte la presence d'isofor- 
mes du co-facteur deactivation B7, a la suite d'epis- 
sage altematif de ce gene, soulignant ainsi la gran- 
de plasticite de la reponse immunitaire apport^e par 
ces variants d'epissage. 

[0055] Troster et a! (J. Exp. Med. 180 (1994) 2059) 
rapporte par ailleurs I'identification d'une forme d'epis- 
sage du gene La/SS-B, sans toutefois 6tablir sa corre- 
lation a une pathologie. 

[0056] Pour tenir compte de ces phenom6nes et de 
cette compIexlt6, et isoler ainsi des signatures specifi- 
ques d'un etat pathologique et presentes dans les cel- 
lules sanguines, le precede de invention utilise avan- 
tageusement, comme marqueurs g6n6tiques, des ev6- 
nements d'epissages caractSrlstiques de situations de 
deregulation. 

[0057] Pour ce faire, la pr6sente invention utilise par 
exemple des banques d'acides nucleiques qualitatives 
diff^rentielles produites selon la methodologie 
« DATAS » d6crite dans la demande de brevet intema- 
tionale non publiee n"" PCT/FR 99/00547. En particulier. 
de telles banques peuvent etre preparees par hybrida- 
tion entre-la population d'acides nucleiques d6riv6e-des 
cellules isoi^es de la circulation sanguine a partir de la 
situation pathologique et la population d'addes nuclei- 
ques deriv6e des cellules circulantes de la situation de 
controle, et isolement, ^ partir des hybrides formes, des 
acides nucleiques correspondant a des epissages dif- 
f6rentiels. 



[0058] Dans cette approche, Thybridation est prefe- 
rentiellement realis^e en phase liquide. En outre, elle 
peut etre effectu6e dans tout dispositif approprie, tel que 
par exempie des tubes (Eppendorf, par exemple), des 

5 plaques, ou tout autre support adapts et couramment 
utilise en Biologie Moleculaire. L'hybridation est avan- 
tageusement realisee dans des volumes compris entre 
10 et 1000 \iU par exemple entre 10 et 500 II est en- 
tendu que le dispositif utilise et les volumes utilises peu- 

10 vent etre aisement adaptes par I'homme du metier. Les 
quantites d'acides nucleiques utilisees pour Thybrida- 
tion sont egalement connues de Thomme du metier. En 
general, il est suffisant d'utiliser des microgrammes 
d'acides nucleiques, par exemple de I'ordre de 0, 1 d 1 00 

15 iig. Par ailleurs, il est possible d'utiliser les acides nu- 
cleiques dans un rapport driver/tester variant de 50 a 
0,02 environ, de preference de 40 a 0,1. be maniere 
plus particuiierement avantageuse, on prefere que ce 
rapport soit proche ou superieur a 1 , avantageusement 

20 entre 1 environ et 1 0 environ. II est blen entendu que ce 
rapport peut etre adapte par I'homme du metier selon 
les conditions du precede (quantites d'acides nuclei- 
ques disponibles, situations physiologiques, but pour- 
suivi, etc.). Les autres parametres de l'hybridation 

25 (temps, temperature, force ionique) sont egalement 
adaptables par I'homme du metier. De maniere generale 
apres denaturation des "tester" et "driver" (par chauffa- 
ge par exemple), l'hybridation est realisee pendant en- 
viron 2 ^ 24 heures, a une temperature de 37''C environ 

30 (eventuellement soumise a des sauts de temperature), 
et dans des conditions standard de force ionique (pou- 
vant varier de 0,1 a 5M NaCI par exemple). II est connu 
que la force ionique est un des facteurs determinant la 
stringence d'une hybridation, notamment dans le cas 

35 d'hybridation sur support solide. 

Selon un mode de mise en oeuvre particulier de I'inven- 
tion, l'hybridation est realisee en emulsion phenolique, 
par exemple selon la technique PERT ("Phenol Emul- 
sion DNA Reassociation Technique) decrite par Kohne 

40 D.E. et al. (Biochemistry. Vol. 16. 24, pp 5329-5341 , 
1977). Avantageusement, l'hybridation est realisee en 
emulsion phenolique maintenue par thermocycles 
(sauts de temperature de 37**C environ d 60/65'*C envi- 
ron) et non par agitation, selon la technique decrite par 

45 Miller et Riblet (NAR 23 (1 995) 2339). 

[0059] Toute autre technique d'hybridation en phase 
liquide, de preference en emulsion, peut etre utilisee 
dans le cadre de la presente invention. Par ailleurs, I'hy- 
bridation peut egalement se faire avec I'un des parte- 

50 naires immobilise sur un support. Avantageusement, 
c'est le driver qui est immobilise. Cela peut etre realise 

notamment grace ^ des amorces biotir^yiees ou par tou-- - 

te autre technique ^immobilisation connue de I'homme 
du metier. 

55 [0060] A partir des populations d'acides nucleiques 
generees par hybridation, les marqueurs genetiques de 
{'invention (les clones caracteristiques des alterations 
genomiques qualitatives) peuvent etre identifies par 
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toute technique connue de rhomme du metier. Dans le 
cas des het6roduplex ARN/ADN, ces r6gions se pr6- 
sentent essentlellement sous forme de regions d'ARN 
non-appariees (boucles d'ARN), et peuvent etre identi- 
fi^es et donees par separation des h^t^rodupiex et des 
acides nucleiques simple-brin (exces d'acide nucleique 
n'ayant pas reagi), digestion selective des ARN double- 
brins (donr)aines engages dans les h^t^roduplex), puis 
separation des ARN simple-brin resultant et des ADN 
simple-brins. Dans le cas des heterotriplex, ces regions 
d'^pissages difF6rentiels se presentent essentiellement 
sous forme de regions d'ADN double-brin et peuvent 
etre identifi^es et donees par traitement en presence 
d'enzymes appropriSes telies qu*une enzyme permet- 
tant de dlg6rer les ARN, puis une enzyme permettant 
de dig^rer les ADN simpie-brin. Les acides nucleiques 
ainsi obtenus sont directement sous forme d'ADN dou- 
ble-brin et peut etre clones dans tout vecteur approprie. 
[0061] II est entendu que d'autres variantes et condi- 
tions precises pour I'isolement des acides nucleiques, 
les hybridations et I'obtention des clones qualitatifs sont 
indiquees dans la demande n° PCT/FR99/00547 non 
encore publi^e. 

[0062] Ces methodologies permettent de g6n6rer des 
clones et des banques d'acides nucleiques correspon- 
dant d des marqueurs g^n^tiques qualitatifs qui permet- 
tent de distinguer les cellules sanguines d'une situation 
saine de celles d'une situation pathologique. Comme in- 
diqu6 dans la section exp6rlmentale, ces preparations 
d'acides nucleiques representent des marqueurs parti- 
culierement utiles pour diagnostiquer a partir d'un pre- 
i^vement sanguin des maladies neurodegeneratives et 
des cancers. 

Diversite des banques 

[0063] Les methodologies decrites ci avant permet- 
tent done de generer des ensembles de clones d'acides 
nucleiques caracteristiques des differences entre situa- 
tions saine et pathologique. Chaque technique de pre- 
paration genere de nombreux clones, constituant des 
banques. Ces banques peuvent etre mises en oeuvre 
telies quelles, deposees sur des supports ou modifiees 
par addition ou suppression de clones, regroupement 
de differentes banques, ajout de clones temoins, etc. 
[0064] Les banques de I'invention peuvent compren- 
dre par exemple de 10 a 50 000 clones, plus generale- 
ment de 10 a 10 000 clones, encore plus pref6rentielle- 
ment de 50 d 5000 clones. Les clones sont generale- 
ment deposes, de fagon ordonnee, sur un ou plusieurs 
supports, de fagon a faciliter I'analyse des resultats d'hy- 
-brldation. Le support-peut etre-en-verre,- nylon, plasti- 
que, fibre, etc., de maniere generale tout support solide 
adapte a I'etalement d'acides nucleiques. Le depdt des 
banques sur les supports peut etre realise par des tech- 
niques conventionnelles connues de Thomme du metier, 
qui sont decrites par exemples dans la demande Inter- 
nationale PCT/FR99/00547. 



[0065] Les banques utilisees peuvent comprendre k 
la fois des clones d'acides nucleiques correspondant d 
des genes dont le niveau d'expression est modifie (mar- 
queurs genetiques quantitatifs) et des clones d'acides 

5 nucleiques dont une partie au moins de la sequence cor- 
respond a des exons ou a des introns episses de fagon 
differentielle entre une situation saine et une situation 
pathologique (marqueurs genetiques qualitatifs). Ainsi, 
les marqueurs genetiques peuvent etre generes selon 

10 des approches differentes, puis melanges pour obtenir 
une reponse aussi predictive que possible. 
II est egalement possible de reunir au sein d'une meme 
banque, sur un meme support, des marqueurs de I'ex- 
presslon genetique exprimes speclfiquement dans les 

15 cellules presentes dans la circulation sanguine lors de 
pathologies differentes. L'hybridation d'une telle banque 
permet done un suivi du developpement de plusieurs 
pathologies a partir d'un meme preievement sanguin. 
Un objet de la presente invention reside done egalement 

20 dans une preparation d'acides nucleiques comprenant 
des marqueurs genetiques qualitatifs et quantitatifs ca- 
racteristiques de deregulation(s) cellulaire(s) presentes 
dans les cellules de la circulation sanguine et sympto- 
matiques de pathologies. Un objet particulier reside 

25 dans une banque comprenant des marqueurs geneti- 
ques caracteristiques de differentes situations de dere- 
gulation. L'invention a aussi pour objet tout support so- 
lide sur lequel au moins deux banques d'acides nuclei- 
ques caracteristiques de deux situations de deregula- 

30 tion ont ete deposees. A cet egard, invention conceme 
encore un precede de preparation d'une puce a ADN 
utilisable pour le diagnostic de pathologies, comprenant 
le depot, sur un support solide. d'une ou plusieurs pre- 
parations d'acides nucleiques caracteristiques de situa- 

35 tion(s) de deregulation. 

[0066] Par ailleurs, selon un mode prefere de mise en 
oeuvre, on utilise des banques d'acides nucleiques af- 
finees par selection des clones au fur et a mesure de 
Tutilisation, en fonction de leur implication effective dans 

40 differentes pathologies ou differents stades d'une meme 
pathologie. Les banques initiales peuvent en effet com- 
prendre par exemple I'ensemble des clones caracteris- 
tiques des evenements genetiques d'une situation de 
deregulation consecutive d I'etablissement d'une patho- 

45 logie. Puis, la mise en oeuvre du precede de diagnostic 
de rinvention permet d'observer que certains des clones 
hybrident avec des sondes issues de stades precis et 
intermediaires du developpement de la pathologie. Ces 
clones peuvent done etre Identifies comme reveiateurs 

50 de stades precoces et peuvent fournir un outil diagnostic 
tres puissant capable d'anticiper tout autre critere d'exa- 

- — men dinique, tout-autre outll-diagnostiCi ~ — 

[0067] De maniere plus specifique, la presente inven- 
tion decrit d present ridentification et la caracterisation 

55 de tels clones, utiiisables comme marqueurs geneti- 
ques de la presence et de revolution de pathologies. 
[0068] L'une des applications majeures de I'identifica- 
tion et du clonage de ces marqueurs genetiques con- 
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cerne revaluation du potentiel hybridant des ARN ex- 
traits de cellules sanguines d'un individu donne. Cette 
evaluation peut s'effectuer en hybridant une sonde re- 
.presentant les ARN messagers des cellules de cet indi- 
vidu avec une ou plusieurs banques de signatures ca- 
racteristiques de situation(s) patholgique(s), telles que 
decrites ci avant. Cette application est decrite plus en 
details dans ce qui suit. 

Methodes d'analyse et de diagnostic des signatures 
de pathologies 

[0069] L'invention permet de determiner la presence 
de signatures sp6cifiques de diff^rents stades de patho- 
logies par hybridation d'un echantillon d'acides nuclei- 
ques de cellules presentes dans la circulation sanguine 
avec les marqueurs g6n6tiques d^finis cl-dessus, le 
profil d'hybridation observe indiquant les deregulations 
physiopathologiques de I'organisme dont est issu 
r^chantlllon sanguin. Dans ce but, les marqueurs g6n6- 
tiques utilises sont preferentiellement regroupes sous 
forme de banques, afin de fournir une reponse aussi 
predictive que possible. L'un des avantages de la pr6- 
sente invention reside egalement dans le nombre im- 
portant de marqueurs utilises, qui rend I'lnformation ge- 
neree d'autant plus predictive. Le caractere predictif de 
I'information est en outre consolide par la nature des 
marqueurs utilises et prepares. 
[0070] U'n objet particulier de invention reside dans 
une methode d'analyse du statut des cellules sangui- 
nes, comprenant au moins une etape d'hybridation en- 
tre a) un echantillon d'acides nucleiques de cellules san- 
guines et b) une banque d'acides nucleiques con^espon- 
dant d des evenements g^netiques caracteristiques de 
situation(s) de deregulation(s) de voie(s) de signalisa- 
tion cellulaire, le profil d'hybridation indiquant les dere- 
gulations physiopathologiques de I'organisme. 
[0071] D'autres aspects et avantages de la presente 
invention apparaltront a la lecture de la section experi- 
mentale suivante, qui doit etre consideree comme illus- 
trative et non limitative. 

SECTION EXPERIMENTALE 

Example de maladies neurodegeneratives : ALS 

[0072] Les modeles animaux donnent acces a des 
echantillons biologiques qui permettent d'analyser dif- 
ferentes etapes du developpement d'une pathologie et 
de comparer ces etapes a des temoins sains. 
La sclerose amyotrophique laterale (SAL/ALS) est une 
— -maladie F)eurodegenerative,-associee d differents types 
d'inclusions tels les corps de Lewis et caracterisee par 
une apoptose des motoneurones spinaux et corticaux 
dont Tissue fatale est parfois associee d une demence 
frontale. Des formes sporadiques, sans aucune muta- 
tion decrite. coexistent avec des formes familiales 
(FALS) associees a des mutations dans le gene S0D1 



codant pour la superoxyde dismutase. Des souris trans- 
geniques qui expriment le gene humain S0D1 portent 
Tune des mutations qui prevaut dans les FALS (mutation 
G93A) sont disponibles aupres de Jackson Laboratory, 

5 sous condition de prise d*une licence d'utilisation aupres 
de la NorthWestem University. L'apparition des symp- 
tomes d'ALS lies a la mutation G93A dans S0D1 n'est 
pas !a consequence d'une reduction de I'activite supe- 
roxyde dismutase mais d'un gain de fonction qui aug- 

10 mente la capacite de I'enzyme a generer des radicaux 
libres. Ce modeie reproduit en 120 jours Tissue fatale 
de la maladie avec des symptomes comparables a ceux 
de la maladie humaine. Ce modeie permet d'avoir acces 
a des echantillons cerebraux, spinaux et du sang jpen- 

f5 pherique. 

Identification de formes d'epissage specifique du mode- 
ie d'ALS : 

20 [0073] La societe ExonHit Therapeutics developpe 
une approche originale de criblage differentiel qualitatif 
basee sur la technologie DATAS (Differential Analysis 
of Transcripts Altematively Spliced). Cette technologie 
fait I'objet d'une demande de brevet en Europe et aux 

25 Etats-Unis. Les sequences identifiees par DATAS peu- 
vent deriver d'exons alternatifs ou de retention d'introns 
dans une des deux situations physiopathologiques 
comparees. Les donnees obtenues caracterisent done 
des modifications de Texpression de sequences d'ARN 

30 qui affectent des domaines fonctionnels de proteines. 
L'analyse qualitative differentlelle est effectuee sur des 
echantillons d'animaux transgeniques et des contrdles 
syngeniques 3ges de 60 et ICQ jours. 60 jours conres- 
pondent a un stade qui precede de peu les premiers 

35 symptomes, mais qui est deja caracterise au niveau ce- 
rebral par des changements dans la physioiogie cellu- 
laire, dont notamment une alteration du metabolisme 
mitochondrial. A 100 jours, 50% des motoneurones cor- 
ticaux et spinaux sont morts et un processus actif 

40 d'apoptose neuronale est engage paralieiement e une 
activation astrocytaire. 

L'analyse qualitative differentlelle est done effectuee : 

a partir d'ARN extraits d'echantillons de cerveau et 

45 de moelie epiniere sans isolement prealable des 
neurones afin de prendre en compte un maximum 
d'evenements d'epissages alternatifs lies au deve- 
loppement de la pathologie. 
e partir de sang total peripherique ou de fractions 

50 cellulaires sanguines Les sequences identifiees par 
DATAS correspondent a des introns et/ou a des 

— -exonsdont-les expressions differentielles par epis-^ 

sage entre les situations pathologiques et la situa- 
tion saine sont validees par PCR. 

55 La comparaison de ces sequences avec les ban- 
ques de donnees permet de classifier les informa- 
tions obtenues et de proposer une selection raison- . 
nee des deux sequences dont Tetude est e poursui- 
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vre. 

Caract6risation ultferieure des s6quences obtenues : 

[0074] Les sequences validees par PCR peuvent etre 5 
recherchees dans des modeles complementaires impli- 
quant des processus de neurodegeneration. Ainsi des 
ARN provenant d'un module d'ischSmie c6r^brate ou 
des ARN d'un modele animal de maladie a prions peu- 
vent etre utilement etudies afin de valider I'expression 1P 
selective de marqueurs d'ALS ou plus g§n6ralement de 
marqueurs de maladies neurodegeneratives. 
[0075] L'expression des formes d'epissage identi- 
fi§es sera recherch^e dans des 6chantillons humains 
representatifs de differentes pathologies d composan- 15 
tes neurodegeneratives : 

prelevements sanguins de patients atteints de ma- 
ladies neurodegeneratives comme la maladie 
d'Alzheimer, le Parkinson etc.. 20 

Example de cancer : cancer des voles aerlennes et 
digestives sup^rieures. 

[0076] La transmission de transgenes a fait I'objet de 25 
nombreuses applications exp6rimentales dans le do- 
maine de la canc6rologie exp6rimentale. Ainsi utilise-t- 
on les alleles dominants de certains genes canceroge- 
nes pour obtenir des souris transg6niques, alors modele 
experimental pour I'etude du cancer. 30 
Les cancers constituent un groupe heterog^ne de ma- 
ladies caracterisees chacune par un ensemble comple- 
xe d'alterations gSnetlques ayant pour consequence 
une proliferation cellulaire anarchique et la dissemina- 
tion de metastases. Si I'identiflcation des alterations ge- 35 
netiques qui provoquent I'apparition et la progression 
des cancers apparalt aujourd'hui essentielle pour dia- 
gnostiquer et suivre ('evolution tumorale. c'est la pers- 
pective d'eiaborer de nouveaux diagnostics plus preco- 
ces sur la base de cette connalssance qui rend compte 40 
de I'importance des enjeux de ces recherches pour I'in- 
dustrie pharmaceutique. Les genes dont les alterations 
peuvent conferer e une cellule des proprietes cancereu- 
ses, sont nombreux. lis jouent des roles essentiels non 
seulement au cours du developpement mais aussi tout 45 
au long de la vie cellulaire. lis interviennent ainsi pour 
assurer des fonctions aussi essentielles que la prolife- 
ration, la differenciation, ta reparation de I'ADN ou la sur- 
vie cellulaire. Ceux dont les alterations conduisent d la 
production de proteines qui activent anormalement le so 
cycle cellulaire sont appeies des oncogenes. On trouve 
-par-exemple dans cette-categorie les genes cellu*aires- - 
myc et ras, Les anti-oncogenes ont au contraire pour 
fonction normale de freiner le cycle cellulaire. L'inhibi- 
tion de leur activite met la cellule sous la seule depen- 55 
dance des genes a effet proliferateur et favorise done 
la progression tumorale. On trouve dans cette categorie 
les genes RB (retinoblastome) et P53. A cote des on- 



cogenes et anti-oncogenes, les genes moduiant la mort 
cellulaire programmee ou apoptose apparaissent com- 
me des acteurs importants de la cancerogenese. Assi- 
milable a un processus de differenciation cellulaire phy- 
siologique, la mort cellulaire programmee est contrdiee 
genetiquemenL Le fait qu'une cellule ait perdu la capa- 
cite d'enclencher cette differenciation termlnale qui en 
permet reiiminatlon, la met en effet en situation de sur- 
vie anormale et peut favoriser remergence d'un clone 
cellulaire transforme. C'est ce que Ton observe dans les 
lymphomes folliculaires humains ou le gene bcl-2 se 
trouve sur exprlme en raison de la translocation surve- 
nue entre les chromosomes 14 et 18. Cette sur-expres- 
slon d'un gene e activite anti-apoptotique favorise la sur- 
vie anormalement longue de populations cellulaires au 
sein desquelles peuvent alors s'accumuler d'autres mu- 
tations transformantes. La mort cellulaire programmee 
ou apoptose est aujourd'hui reconnue comme un me- 
canisme essentiel a reiimination de cellules devenues 
indesirables qu'il s'aglsse de cellules infectees par un 
virus comme de cellules ayant accumules des muta- 
tions les rendant non fonctionnelles ou anormalement 
proliferantes. Le niveau de complexiclte qui regit I'ho- 
meostasie cellulaire- resulte non seulement du nombre 
important des acteurs impliques mais aussi des roles 
varies que chacun d'eux peut alternativement jouer en 
fonction du type cellulaire ou des conditions. L'anti-on- 
cogene p53 ou le proto-oncogene cMyc peuvent par 
exemple jouer aussi un role important dans le contrdle 
de I'apoptose. Une telle complexite rend necessaire la 
mise en oeuvre d'approches assez globales pour ana- 
lyser des modulations d'expression d'ensembles de ge- 
nes et suffisamment specifiques pour, le plus rapide- 
ment possible identifier les alterations les plus pertinen- 
tes en regard du diagnostic, du suivi de la progression 
tumorale ou de I'identiflcation de nouvelles clbles d'ac- 
tions therapeutiques. 

En utilisant differents systemes d'adressage (regions 
promotrices) 11 est possible d'obtenir d'une maniere pre- 
ferentielle l'expression du transgene dans un tissu par- 
ticuller. On peut ainsi disposer de modeles de tumeurs 
se developpant dans un envlronnement tissulaire spe- 
cifique. Ces differents modeles de tumeurs clbiees lals- 
sent entrevoir la possibilite de detecter des signatures 
specifiques au niveau des cellules circulantes en fonc- 
tion de la localisation de la tumeur. 

Modele de tumeur ciblee sur le fole. 

[0077] II existe chez la souris un modele d'hepatocar- 
cinome (HCC) lie a l'expression restreinte dans le fole 
-des-sequences precoces du virus SV4&, codant pour 
les antigenes grand T et petit t (Dubois, N., Bennoun, 
M., Allemand, I., Molina, T., Grimber. G., Daudet-Mon- 
sac, M.. Abelanet, R., and Briand, P. (1991) Time course 
development of differentiated hepatocarcinoma and 
lung metastasis in transgenic mice. J. Hepatol., 13,. 
227-239). Le transgene est sous le contrdle du promo- 
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teur du gene humain de Tantithrombine HI ce qui entrai- 
ne una expression precoce et constante des antigenes 
viraux. De ce fait, la proliferation h6patocellulaire subit 
une perturbation en deux temps. L'indice de prolifera- 
tion des h^patocytes transg^niques est proportionnel- 5 
lement superieure a la normale pendant le developpe- 
ment hepatique (de la naissance a la 5^"^® semaine), 
puis diminue sensiblement sans pour autant atteindre 
l'indice faible caracteristique de I'etat quiescent d'un foie 
normal. Ces souris transgeniques d6veloppent de fagon io 
systematlque des HCC differenci^s conduisant d la mort 
de tous les animaux avant 7 mois. Malgre une deregu- 
lation precoce de la proliferation des h6patocytes, I'he- 
patom6galie n'apparait que tardivement. L'analyse des 
etapes preneoplasiques precedent Tapparitlon des 15 
HCC a permis de mettre en evidence un mecanisme 
compensateur par apoptose, maintenant une masse 
h6patique normale dans ce modele (Allemand et al,, 
1995). II est interessant de noter que cette apoptose 
s'arrete au moment meme ou le foie normal entre dans 20 
un etat quiescent. Au dela de ce point, 11 semble que 
rhom6ostasie hepatique ne soit plus controlee. Une etu- 
de systematique de la sensibilite a I'apoptose a revile 
que les hepatocytes derives de ce modele transgenique 
avaient acquis un caractere resistant a la mort cellulaire 25 
dependante du systeme CD95/Fas (Rouquet N, Alle- 
mand I, Molina T, Bennoun M, Briand P and Joulin V. 
(1995) Fas-dependent apoptosis is impaired by SV40 
T-antigen in transgenic liver. Oncogene, 11, 1061-1067 
Rouquet N, Allemand I, Grimber G, Molina T, Briand P 30 
and Joulin V. (1 996) Protection of hepatocytes from Fas- 
mediated apoptosis by a non-transforming SV40 T-an- 
tigen mutant, cell Death & Diff., 3, 91-96) par un meca- 
nisme independent d'un epissage alternatif du recep- 
teur CD95/Fas. Cependant, seule une analyse globale 35 
des modifications d'epissage peut rendre compte d'une 
alteration de ce processus pour I'ensemble des parte- 
nalres moieculaires intervenant dans la voie de signali- 
sation du recepteur CD95/Fas. 

Ce modele transgenique represente un outil ideal pour 40 
identifier 1) les modifications de I'expression genique 
accompagnant la transition preneoplasie vers neopla- 
sie, que ce soient des genes indispensables d la trans- 
formation (oncogenes) ou des genes s'opposant a la 
progression tumorale (genes apoptotiques) 2) des si- ^5 
gnatures circulantes du developpement du cancer liees 
d rechappement a partir de la tumeur de cellules tumo- 
rales 3) d'evenements d'alteration de {'expression geni- 
que dans les cellules du sang caracteristiques du deve- 
loppement du cancer. so 

•-Identification des signatuFes specifiques— • 

[0078] L'approche differentielle qualitative est menee 
sur des ARN extraits de foie et de cellules du sang de 55 
souris normales et de souris developpant des hepato- 
carcinomes (HCC) lies a I'expression de I'antigene T de 
SV40 sous contrdle du promoteur de TAntiThrombine III. 



Les animaux controles et les animaux exprimant le 
transgene sont cholsis d dlfferents ages pemnettant 
d'avoir acces aux stades tres precoces, preneoplasi- 
ques et neoplasiques caracterises notamment dans ce 
modeie par une activation puis une inactivation de 
I'apoptose necessaire S I'homeostase hepatique. 

Utilisation des sequences identifiees 

[0079] Les modulations de I'expression de ces se- 
quences pourront etre ensuite recherchees dans des 
biopsies de tumeurs humaines afin d'en eiargir le champ 
d'application, en therapie humaine et en diagnostic. 

Ces ADNc sont utilises pour suivre revolution tu- 
morale dans ce modele transgenique et dans une serie 
de modeles d'HCC murins produits par transgenese 
(Bennoun M, Grimber G, Couton D, Seye A. Molina T, 
Briand P and Joulin V. (1998) The amino-terminal region 
of SV40 large T antigen is sufficient to induce hepatic 
tumours In mice Oncogene, 17, sous presse). Ainsi en 
utilisant les ADNc specifiques detectes a differents sta- 
des tres precoces dans les cellules sanguines, avant 
I'apparition des tumeurs. on peut predire dans une po- 
pulation mixte de souris saines et de souris transgeni- 
ques, celles qui vont developper un cancer. 
Des sondes nucieotidiques ou des amorces de PCR de- 
rives de ces ADNc specifiques des tumeurs peuvent 
etre utilisees pour rechercher I'expression. dans des 
biopsies de tumeurs humaines, des formes d'epissage 
identifiees et/ ou les ARN dont la quantite est alteree 
dans ce modete. 

De meme, les sondes identifiees dans le sang des ani- 
maux a differents stades du developpement tumoral 
peuvent etre egalement utilisees afin de detecter des 
signatures communes avec des preievements de sang 
de patients atteints de cancers. 
Dans une strategie qui utilise des banques d'ADNc ob- 
tenues selon les precedes de I'invention decrits plus 
haut, une sonde totale preparee a partir de preievement 
sanguins de patients atteints de cancer, peut egalement 
etre utilisee pour la recherche de signatures communes 
aux differentes banques issues de modeles murins a dif- 
ferents stades du developpement tumoral d'une part et 
a partie de biopsies de differents types tumoraux hu- 
mains d'autre part. Ces hybridations sont realisees se- 
lon les techniques connues de I'homme de metier (voir 
notamment les conditions d'hybridatlon decrites dans la 
demande PCT/FR99/00547). 

RECHERCHE DU DIAGNOSTIC PREDICTIF CHEZ 
L'HOMME 

[0080] La methodologie decrite dans ce chapitre 
pourra etre mise en oeuvre indifferemment en utilisant 
les techniques d'anaiyse quantitative et qualitative de- 
crites ci-avant. L'invention priviiegie neanmoins I'utilisa- 
tion et la recherche de marqueurs lies aux alterations 
qualltatlves de I'expression des genes en ralson des 
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avantages decrits precedemment. 
[0081] Uinvention d^crit ridentification et la constitu- 
tion de banques de signatures caracteristiques de revo- 
lution d'une pathologie a partir de biopsies. Ainsi il est 
possible d'^tablir des banques de sequences d'ADNc 5 
representatifs de revolution et de la localisation de ces 
pathologies. II est done possible de rechercher, a partir 
d'un 6chantillon sanguin, la presence de signatures 
ADNc identiques a celles presentes dans les banques. 
La presence de signatures communes souligne alors la io 
presence d'acides nucl6iques presentant les m§mes al- 
terations que celles presentes dans les biopsies des pa- 
thologies suspectees, tres vraisemblablement issues 
de cellules issues de tissus pathologiques. 
[0082] La mise en oeuvre de cette recherche est no- 15 
tamment basee sur la confection de sondes a partir de 
cellules sanguines et Thybridation de ces sondes avec 
des filtres qui regroupent differents marqueurs sp6cifi- 
ques de telle ou telle pathologie. 

[0083] L'invention decrit la possibilite d'identifier des 20 
alterations de I'expression des genes a partir de cellules 
sanguines et ceci a partir de modeles experimentaux 
mimant tout ou partie d'une pathologie humaine (exem- 
pie modele de souris ALS ou modele de tumeur hepa- 
tique). 25 
L'utillsation de sondes nucleiques derivees de cellules 
sanguines de patients atteints ou non de la pathologie 
ciblee (maladie neurodegenerative, cancer etc..) per- 
met de rechercher Texlstence de signatures communes 
avec les banques predictives experimentales creees a 30 
partir des modeles pathologiques experimentaux. L*ap- 
parition de signatures communes constitue un diagnos- 
tic d'un risque de developpement d'une telle pathologie 
Chez rindividu soumis au diagnostic. 
[0084] Uinvention permet egalement de proceder de 35 
la maniere suivante : 

Des prelevements sanguins de patients atteints ou 
non d'une pathologie ciblee sont melanges afin de 
constltuer un stock d'ARN representatif des 6tats 40 
pathologique et sain. 

Ces ARNs sont soumis a des analyses differentiel- 
les selon les techniques d^crites dans l'invention et 
des banques d'ADNc caracteristiques des 6tats pa- 
thologiques et sains sont constitutes. 45 
Ces banques d'ADNc sont ensurte valld6es par hy- 
bridation a I'aide de sondes preparees a partir d 
'echantillons individuels de sang de patients ou de 
sujets sains. 

Les banques ainsi validees sont ensuite analysees 50 
par I'utilisation de sondes preparees ^ partir de pre- 
- -lavements de sang d'une large population de sujets — 
consultant un medecin pour des examens de routi- 
ne. Ces banques constituent un outil diagnostic pro- 
pre d {'invention. Ainsi un patient effectuant une 55 
mammographie pour depistage d'un cancer du 
sein, peut etre prtleve d'un petit echantillon de 
sang. Une sonde nucltique pr6par6e d partir d'un 



tel echantillon permet ensuite de rechercher tres 
prtcocement des signes probables de revolution 
d'un cancer m§me en Tabsence d'image d la radio- 
graphie. 

[0085] L'invention peut etre utilisee sous forme de 
BioPuce. La BioPuce exploite les proprietes de la reac- 
tion d'hybrldation par laquelle deux brins d'ADN dits 
complementaires se lient I'un a {'autre d'une maniere 
tres specifique. L'invention peut etre utilisee en recher- 
chant sp6ciflquement un ou plusleurs marqueurs ADN 
de la pathologie en utilisant une technique d'amplication 
de I'ADN d I'aide d'amorces oligonucleotldiques speci- 
fiques de t'ADN a rechercher. 



Revendications 

1. Proc6de de detection in vitro de la presence d'une 
pathologie neurodegenerative ou d'une tumeur so- 
lide chez un sujet, comprenant (i) la preparation, a 
partir d'un echantillon de cellules sanguines du su- 
jet, d'acides nucleiques comprenant des ARN ou 
des ADNc derives de ceux-ci et (ii) I'hybridation des 
acides nucleiques prepares avec au moins une 
banque d'acides nucleiques comprenant des aci- 
des nucleiques specifiques de formes d'epissages 
de genes caracteristiques d'une cellule sanguine 
Isolee d'un organlsme presentant une pathologie 
neurodegenerative ou une tumeur solide, le profil 
d'hybrldation indiquant la presence de cellules san- 
guines caracteristiques de la pathologie dans 
I'echantillon. 

2. Proctde selon la revendication 1 , caracterlse en 
ce que la banque comprend en outre des acides 
nucl6iques specifiques de genes dont le niveau 
d'expression est modlfie dans une cellule sanguine 
isolee d'un organlsme presentant une pathologie 
neurodegenerative ou une tumeur solide. 

3. Precede selon I'une des revendications 1 ou 2, ca- 
racttrise en ce que la ou les banques sont d6po- 
sees sur un support. 

4. Proctdt selon I'une des revendications 1^3, ca- 
racterlse en ce que les acides nucleiques prepa- 
res k partir de I'echantillon sont des ARN totaux ou 
messagers. tventuellement amplifies, ou des 
ADNc derives de ceux-ci. 

•5. Procede selon-la revendication-4rCaracteFise-en 
ce que les acides nucleiques sont marques. 

6. Precede selon I'une quelconque des revendications 
precedentes, caracterlse en ce que les cellules 
sanguines sont des cellules nucieees. 
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7. Procede selon la revendication 6, caracterise en 
ce que les cellules sanguines nucleees compren- 

- nent des lymphocytes, des macrophages, des mo- 
nocytes et/ou des cellules dendrltiques. 

8. Procede selon Tune des revendications preceden- 
tes, pour la detection in vitro de la presence de la 
sclerose amyotrophique latSrale (ALS) chez un su- 
jet. 

9. Proced6 selon t'une des revendications pr§c6den- 
tes. pour la detection in vitro de la presence d'une 
tumeur solide seleCtionnee parmi les tumeurs du 
foie, poumon, tete et cou, melanome, vessie, sein 
et prostate chez un sujet. 

10. Procede selon Tune quelconque des revendications 
precedentes, pour la detection in vitro du stade 
d'evolution et/ou de la localisation d'une pathologie 
neurodegenerative, 

1 1 . Precede seion Tune quelconque des revendications 
1 ^ 9, pour la detection in vitro du stade d*6volution 
et/ou de la localisation d'une tumeur solide. 

12. Procede de preparation d'une banque d'acides nu- 
cieiques caracteristiques d'un etat pathologique, 
caracterise en ce qu'il comprend (i) Tobtention 
d'une premiere preparation d'acides nucleiques a 
partir d'une cellule sanguine isolee d'un organisme 
presentant une pathologie neurodegenerative ou 
une tumeur solide, (ii) Tobtention d'une preparation 
d'acides nucleiques de reference a partir d'une cel- 
lule sanguine isolee d'un organisme ne presentant 
pas ladite pathologie, (iii) une etape d'hybridation 
entre ladite premiere preparation et la preparation 
de reference, et (iv) la recuperation, a partir des hy- 
brides formes, de clones d'acides nucleiques spe- 
clfiques de formes d'epissages de genes caracte- 
ristiques de la cellule sanguine provenantde I'orga- 
nisme en situation de pathologie. 

13. Precede de preparation d'une banque d'acides nu- 
cleiques caracteristiques du stade d'evolution d'une 
pathologie, caracterise en ce qu'il comprend (i) 
I'obtention d'une premiere preparation d'acides nu- 
cleiques a partir d'une cellule sanguine isolee d'un 
organisme presentant une pathologie neurodege- 
nerative ou une tumeur solide e un stade d'evolution 
determine, (ii) I'obtention d'une preparation d'aci- 
des nucleiques de reference a partir d'une cellule 

sanguine isoiee d'un-organisme-presentant-ladite - 

pathologie a un stade d'evolution different, (iii) une 
etape d'hybridation entre ladite premiere prepara- 
tion et la preparation de reference, et (iv) la recupe- 
ration, e partir des hybrides formes, de clones d'aci- 
des nucleiques specifiques de formes d'epissages 
de genes caracteristiques de la cellule sanguine 



provenant de I'organisme au stade d'evolution de- 
termine de )a pathologie. 

14. Precede selon Tune des revendications 12 ou 13, 
caracterise en ce que la banque est deposee sur 
un support. 



PatentansprQche 

10 

1 . Verfahren zum in vitro Nachweis des Vorliegens ei- 
ner neurodegenerativen Krankheit oder eines fe- 
sten Tumors bei einer Person, umfassend (i) Her- 
stellung von Nucleinsauren aus einer Probe an 

15 Blutzellen der Person, umfassend RNAs oder da- 
von abstammende cDNAs, und (ii) Hybridisierung 
der hergestellten Nucleinsauren mit wenigstens ei- 
ner Banic an Nucleinsauren, umfassend Nuclein- 
sauren, die fur Spleiliformen von charakteristi- 

20 schen Genen einer Btutzelle spezifisch sind, die 
aus einem eine neurodegenerative Krankheit oder 
einen festen Tumor aufweisenden Organismus iso- 
liert 1st, wobei das Hybridisierungsmuster auf das 
Vorliegen von Blutzellen in der Probe hinweist, die 

25 fur die Krankheit charakteristisch sind. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Bank aullerdem Nucleinsauren 
umfasst, die fur Gene spezifisch sind, deren Ex- 

30 pressionsniveau in einer Blutzelle verandert ist, die 
aus einem eine neurodegenerative Krankheit oder 
einen festen Tumor aufweisenden Organismus Iso- 
liert Ist. 

35 3. Verfahren nach einem der Anspruche 1 oder 2, da- 
durch gekennzeichnet, dass die Bank oder die 
Banken auf einem Trager angeordnet sind. 

4. Verfahren nach einem der Anspruche 1 bis 3, da- 
"^0 durch gekennzeiclinet, dass die aus einer Probe 
hergestellten Nucleinsauren Gesamt-RNAs oder 
mRNAs, mogllcherweise amplifiziert, oder davon 
abstammende cDNAs sind. 

45 5. Verfahren nach Anspruch 4. dadurch gekenn- 
zeichnet, dass die Nucleinsauren markiert sind. 

6. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, dass die Blutzel- 
50 len Zellkerne enthalten. 

—7. Verfahren- nach Anspruch -6r-dadurch -gekenn- 
zeichnet, dass die Zellkerne enthaltenden Blutzel- 
len Lymphocyten, Makrophagen, Monocyten und/ 
55 Oder dendritische Zellen umfassen, 

8. Verfahren nach einem der vorhergehenden Anspru- 
che zum In vitro Nachweis des Voriiegens der 
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amyotrophen Lateralsklerose (ALS) bei einer Per- 
son. 

9. Verfahren nach einem der vorhergehenden Anspru- 
che zum in vitro Nachweis des Vorliegens eines fe- 5 
sten Tumors, ausgewahit aus Tumoren der Leber, 
Lunge, des Schadels und Halses, Melanom. der 
Blase, Brust und Prostata bei einer Person. 

1 0. Verfahren nach einem der vorhergehenden Anspru- io 
Che zum In vitro Nachweis des Entwicklungsstadi- 
urns und/oder der Lokalisierung einer neurodege- 
nerativen Krankheit. 

11. Verfahren nach einem der Anspruche 1 bis 9 zum is 
in vitro Nachweis des Entwicklungsstadiums und/ 
Oder der Lokalisierung eines festen Tumors. 

12. Verfahren zur Herstellung einer Bank an Nuclein- 
sSuren, die fur einen Krankheitszustand charakte- 20 
ristisch sind, dadurch gekennzeichnet, dass das 
Verfahren umfasst (i) Gewinnung eines ersten Nu- 
cleinsaure-PrSparates aus einer Blutzelle. die aus 
einem eine neurodegenerative Krankheit oder ei- 
nen festen Tumor aufweisenden Organismus iso- 25 
liert ist, (ii) Gewinnung eines Praparates aus Refe- 
renz-Nucleinsauren aus einer Blutzelle, die aus ei- 
nem besagte Krankheit nicht aufweisenden Orga- 
nismus isoliert ist, (iii) einen l-lybridlsierungsschritt 

mit besagtem ersten Praparat und dem Referenz- 30 
Praparat, und (iv) und die Wiedergewinnung, aus 
den gebildeten Hybriden, der Nucleinsaure-Klone. 
die fur Spleiflformen von charakterlstischen Genen 
der Blutzelle spezifisch sind, die vom Organismus 
In dem Krankheitszustand stammt. 35 

13. Verfahren zur Herstellung einer Bank an Nuclein- 
sauren, die fur das Entwicklungsstadium einer 
Krankheit charakteristisch sind. dadurch gekenn- 
zeichnet, dass das Verfahren umfasst (i) Gewin- ^0 
nung eines ersten NuclelnsSure-Prdparates aus ei- 
ner Blutzelle. die aus einem eine neurodegenerati- 
ve Krankheit oder einen festen Tumor In einem be- 
stimmten Entwicklungsstadium aufweisenden Or- 
ganismus isoliert ist, (11) Gewinnung eines Prapara- 45 
tes aus Referenz-Nucleinsauren aus einer Blutzel- 
le, die aus einem besagte Krankheit in einem ande- 
ren Entwicklungsstadium aufweisenden 
Organismus isoliert ist, (iii) einen Hybridisierungs- 
schritt mit besagtem ersten Praparat und dem Re- so 
ferenz-Praparat, und (iv) und die Wledergewin- 

nung, aus -den-gebildeten- Hybriden, der-Nuclein 

saure-Klone, die fur Spleififormen von charakterl- 
stischen Genen der Blutzelle spezifisch sind, die 
vom Organismus In dem bestlmmten Entwicklungs- 55 
stadium der Krankheit stammt. 

14. Verfahren nach einem der Anspruche 12 oder 13, 



dadurch gekennzeichnet, dass die Bank auf ei- 
nem Trager angeordnet Ist. 



Claims 

1 . A process for the in vitro detection of the presence 
of a neurodegenerative disease or of a solid tumor 
in a subject, comprising (i) preparing, from a sample 
of blood cells from the subject, nucleic acids com- 
prising RNAs or cDNAs derived therefrom and (ii) 
hybridizing the nucleic acids so prepared with at 
least one nucleic acid library comprising nucleic ac- 
ids specific for splicing forms of genes characteristic 
of a blood cell isolated from an organism presenting 
a neurodegenerative. disease or a solid tumor, the 
hybridization profile indicating the presence of 
blood cells characteristic of the pathology In the 
sample. 

2. Process according to claim 1 , wherein the library 
further comprises nucleic acids specific for genes 
whose level of expression is modified in a blood cell 
isolated from an organism presenting a neurode- 
generative disease or a solid tumor. 

3. Process according to any one of claims 1 or 2, 
wherein the library(les) is(are) deposited on a sup- 
port. 

4. Process according to any one of claims 1 to 3, 
wherein the nucleic acids prepared from the sample 
are total or messenger RNAs, optionally amplified, 
or cDNAs derived therefrom. 

5. Process according to claim 4, wherein the nucleic 
acids are labelled. 

6. Process according to any one of the preceding 
claims, wherein the blood cells are nucleated cells. 

7. Process according to claim 6, wherein the nucleat- 
ed blood cells comprise lymphocytes, macrophag- 
es, monocytes and/or dendritic cells. 

8. Process according to any one of the preceding 
claims, for the In vitro detection of the presence of 
Amyotrophic Lateral Sclerosis (ALS) in a subject. 

9. Process according to any one of the preceding 
claims, for the in vitro detection of the presence of 

a solid-tumor selected-from- liver, lung,-head-and 

neck, melanoma, bladder, breast and prostate tu- 
mors in a subject. 

10- Process according to any one of the preceding 
claims, for the in vitro detection of the stage of pro- 
gression and/or the site of a neurodegenerative dis- 
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ease. 

11. Process according to any one of claims 1 to 9, for 
the in vitro detection of the stage of progression 
and/or the site of a solid tumor. 5 

12. A process of preparation of a nucleic acid library 
characteristic of a pathological condition, wherein 
said process comprises (i) obtaining a first nucleic 
acid preparation from a blood cell isolated from an io 
organism presenting a neurodegenerative disease 

or a solid tumor, (ii) obtaining a reference nucleic 
acid preparation from a blood cell isolated from an 
organism not presenting said pathology, (lii) a hy- 
bridization step between said first preparation and 15 
said reference preparation, and (iv) recovering, 
from the hybrids formed, nucleic acid clones specif- 
ic for splicing forms of genes characteristic of the 
blood cell from the organism in pathological condi- 
tion. 20 

13. A process of preparation of a nucleic acid library 
characteristic of the stage of progression of a pa- 
thology, wherein said process comprises (i) obtain- 
ing a first nucleic acid preparation from a blood cell 25 
isolated from an organism presenting a neurode- 
generative disease or a solid tumor at a defined 
stage of progression, (ii) obtaining a reference nu- 
cleic acid preparation from a blood cell isolated from 

an organism presenting said pathology at a different 30 
stage of progression, (lii) a hybridization step be- 
tween said first preparation and said reference 
preparation, and (iv) recovering, from the hybrids 
formed, nucleic acid clones specific for splicing 
forms of genes characteristic of the blood cell from 35 
the organism at the defined stage of progression of 
the pathology. 

14. Process according to any one of claims 12 or 13, 
wherein the library is deposited on a support. 40 
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(54) Method for seperating cells from a sample 

(57) Rare cells are separated from a sample fluid by 
a positive selection or negative selection antibody by 
centrifuging in a tube containing a harvesting float. The 
harvesting float has an axial passage and a density to 
settle in the sample fluid and expand the layer of the 
target component. The antibody is preferably coupled 
to a particulate carrier, such as a microbead, to attach 
either the target component or a contaminating compo^ 
. nent to the particulate carrier. In the positive separation, 
the particulate carrier Is recovered in the axial passage 
of the float. 
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Description 

Field of thg Invention 

[0001] The present Invention is directed to a method 5 
of separating a target component and particularly target 
cells from a sample. More particularly, the invention is 
directed to a method of separating target cells from a 
biological sample by positive or negative separation and 
centrifugation. 

Background of the Invention 

[0002] . Numerous methods are known in the art for 
separating various constituents from biological fluids, 
and particularly blood samples. For example, the anal- 
ysis of blood components typically involves the centrif- 
ugation of anti-coagulated whole blood to separate the 
ceils from plasma and to separate the various cells into 
layers according to the density of the cells. After centrif- 
ugation, the plasma fraction is removed from the sam- 
ple. Blood collection is often performed in an evacuated 
tube and then cell separation is achieved by centrifuga- 
tion of the collection tube. The tube can contain a sep- 
arator body that is made of a plastic material with a spe- 
cific gravity that will enable the separator to settle during 
the centrifugation step onto the top of the formed com- 
ponent layer in the blood sample. The separator pre- 
vents mixing of the formed and unformed component 
fractions in the centrif uged blood sample. The separator 
also stabilizes the centrifuged layers for separation. and 
analysis. 

[0003] Another method of recovering cells from a 
blood sample uses a hollow insert placed in the centri- 
fuge tube that contains the sample prior to centrifuga- 
tion. The insert is made of a transparent plastic material 
and fits within the centrifuge tube. The insert slides with- 
in the tube when centrifuged to force the sample into the 
bore of the insert. The cells to be harvested from the 
sample collect in the bore of the insert thereby forming 
layers of constituents that separate according to the 
specific gravity of the constituents. The bore of the insert 
has a dimension to cause the layers to elongate in com- 
parison to the thickness of the layer that would otherwise 
form in the tube without the insert. The resulting layers 
In the bore can be differentiated and removed from the 
bore using a hypodermic syringe or other cannula. An 
example of this process and device are disclosed in U. 
S. Patent No. 5,393,674 to Levine et al. 
[0004] Another method and apparatus for separating 
constituents from a sample are disclosed In U.S. Patent 
No. 5,707,876 to Levine. This device uses one or more 
boundary makers that are placed In the tube before cen- 
trifugation. The markers slide within the tube when cen- 
trifuged and identify boundaries of the constituent layers 
that gravimetrically separate during centrifugation. A 
cannula is inserted into the tube through an elastomeric 
cap for injecting a liquid or gas into the tube. The injected 



material displaces the centrifuged sample and the 
boundary markers to one end of the tube to express the 
centrifuged sample from the tube. 
[0005] Other methods of separating components from 
a biological sample use paramagnetic microbeads hav- 
ing an antigen coupled thereto. The sample is mixed 
with the microbeads and incubated to bind the constit- 
uent to the microbead. The sample is then subjected to 
magnetic separation. An example of this type of method 
Is disclosed in U.S. Patent No. 5,916,818 to Irsch et al. 
[0006] These prior processes have been generally ef- 
fective for their Intended purpose. However, there is a 
continuing need in the industry for improved methods 
for separating cells from a biological sample. 

Summary of the Invention 

[0007] The present invention is directed to a method 
for separating cells from a sample, and particularly a bi- 
ological sample. Accordingly, a primary object of the in- 
vention is to provide a method for harvesting a specific 
constituent from a biological sample. 
[0008] Another object of the invention is to provide a 
method for the separation of a specific constituent from 
a biological fluid In higher concentrations than can be 
obtained by prior methods. 

[0009] A further object of the invention is to provide a 
method for harvesting selected cells from a biological 
fluid with low levels of contaminating constituents. 
[001 0] Still another object of the invention is to provide 
a method for harvesting rare cells from a biological fluid 
where the harvested rare cells are substantially free of 
mononuclear cells. 

[001 1] Another object of the invention is to provide a 
method for harvesting cells from a biological sample us- 
ing a particulate carrier having a coating of an antibody 
having an affinity for a target cell in the sample. 
[001 2] A further object of the invention is to provide a 
method for harvesting a target constituent from a bio- 
logical sample using microbeads coated with an anti- 
body having an affinity for white blood cells. 
[0013] Another object of the invention is to provide a 
method of separating a target component from a biolog- 
ical sample by centrifuging the sample in the presence 
of a float having an axial bore after combining the sam- 
ple with a binding agent having an affinity for at least- 
one component of the sample. 
[001 4] Still another object of the invention is to provide 
a method for harvesting a target component from a bi- 
ological sample by centrifuging the sample in the pres- 
ence of a particulate carrier having a positive or negative 
selectivity for the target component. 
[0015] Another object of the invention is to provide a 
method of harvesting cells from a biological sample by 
mixing the sample with an amount of carrier particles 
containing an antibody having an affinity for white blood 
cells and where the particles have a density greater than 
the density of white blood cells for removing white blood 
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cells from the sample. 

[0016] A further object of the invention Is to provide a 
method of harvesting target cells from a biological sam- 
ple by mixing the sample with an amount of carrier 
beads containing an antibody having an affinity for the 
target cells and the beads having a density less than the 
density of white blood cells for removing the target cells 
from the sample. 

[001 7] Still another object of the invention is to provide 
a method for separating target cells from a sample and 
detecting the target cells in a tube, where the target cells 
are separated by mixing the sample with carrier beads 
having an affinity for either the target cells or contami- 
nating cells. 

[0018] The objects and advantages of the Invention 
are basically attained by providing a method of harvest- 
ing components from a sample material. The method 
comprises the steps of providing a sample material in a 
sampling container, the sampling container having a fo- 
cusing device with a passage for receiving and elongat- 
ing layers of sample components to be harvested from 
the sample, providing at least one antibody in the sam- 
pling receptacle, and mixing the antibody with the sam- 
ple, wherein the antibody has an affinity for binding with 
at least one substance In the sample, and centrifuging 
the container and sample at sufficient G forces to sep- 
arate components from the sample and to force a target 
component from the sample into the through passage. 
[0019] The objects of the invention are further at- 
tained by providing a method of han/esting a target com- 
ponent from a whole blood sample. The method com- 
prises the steps of providing a whole blood sample in a 
sampling tube, the sampling tube containing a float di- 
mensioned to fit within the sampling tube and having a 
through passage for receiving and elongating layers of 
blood constituents to be harvested from the sample, 
mixing the sample with at least one particulate carrier 
containing an antibody having a binding affinity for a 
specific sample conistltuent, centrifuging the tube and 
sample at sufficient G forces to move the float toward 
one end of the tube and to force a target component 
from the sample into the through passage, and remov- 
ing the target component from the through passage. 
[0020] The objects of the invention are also attained 
by providing a method of harvesting a target component 
from a whole blood sample. The method comprises the 
steps of providing a whole blood sample in a sampling 
tube, the sampling tube containing a float dimensioned 
to fit within the sampling tube and having a through pas- 
sage for receiving and elongating layers of blood con- 
stituents to be harvested from the sample, mixing the 
sample with an amount of first carrier beads having a 
coating of a first antibody that has a binding affinity for 
a target constituent in the sample and an amount of sec- 
ond carrier beads having a coating of the second anti- 
body that has a binding affinity for white blood cells, cen- 
trifuging the tube and sample at sufficient G forces to 
move the float toward one end of the tube and to force 



4 . 

the first carrier beads and target constituent into the 
through passage, and removing the first carrier beads 
and target constituent from the through passage. 
[0021] These objects, advantages and other salient 
5 features of the invention will become apparent from the 
in view of the annexed drawings and the following de- 
tailed description of the invention. 

Brief Description of the Drawings 

10 

[0022] The following is a brief description of the draw- 
ings in which: 

Figure 1 is a cross-sectional side view of the cen- 
trifuge tube in one embodiment of the Invention 
showing a float member positioned in the tube; 
Figure 2 Is a cross-sectional view of the tube of Fig- 
ure 1 after centrifugation; 

Figure 3 is a perspective view of a centrifuge sep- 
aration device in another embodiment of the inven- 
tion; 

Figure 4 is a top view of the float of the embodiment 
of Figure 3; and 

Figure 5 is a side view in cross-section of the float 
taken along line 5-5 of Figure 4. 

Detailed Description of the Preferred Embodiments 

[0023] The present invention Is directed to methods 
for han/issting a target component and particularly target 
cells from a biological sample. More particularly, the in- 
vention is directed to methods for han/esting rare cells 
from a biological sample with fewer contaminating cells 
presient in the harvested rare cells. 
[0024] In a preferred embodiment, the method of har- 
vesting a target component utilizes at least one binding 
agent capable of binding with a component of the sam- 
ple to assist in isolating or enhancing the target compo- 
nent during centrifugal separation. The binding agent 
can be an antibody selected to have an affinity for either 
the target component or one or more contaminating 
components. In preferred embodiments of the invention, 
the affinity binding agent, such as an antibody, is pro- 
vided as a coating on a particulate carrier having a par- 
ticle size and density that is compatible with the compo- 
nent being harvested to enhance separation and recov- 
ery of the target component from the samjDle. In the em- 
bodiments of the Invention discussed below in greater 
detail, the particulate carrier can have a density lighter 
or heavier than the density of the contaminating constit- 
uent of the sample. 

[0025] In further embodiments, the method is directed 
to harvesting rare cells and particularly tumor cells from 
biological samples and particularly anticoagulated 
whole blood samples. The method can be used to re- 
cover a variety of other cell types, such ais stem cells 
and fetal cells, from blood samples. 
[0026] The method of the Invention In one embodi- 
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ment subjects the biological sample to centrifugal sep- 
aration, where the sample Is mixed with a particulate 
carrier having an antibody or other affinity binding 
agents bound to the surface of the particulate carrier. . 
The centrif ugatlon step preferably uses a centrifuge har- 
vesting device. The antibody is preferably provided as 
a coating on the surface of the particulate carrier. The 
particulate carrier in preferred embodiments is an 
amount of microbeads made of a suitable nonreactive 
plastic resin. Examples of suitable plastic resins Include 
polystyrene, polydlvinylbenzene and polyvinylchloride. 
[0027] The microbeads for use in the method of the 
invention can be produced by various methods as 
known in the art. In embodiments of the invention, the 
microbeads have a particle size ranging from about 0.05 
microns to about 7 microns, and typically about 4 mi- 
crons to about 5 microns. 

. [0028] The particulate carrier, such as the plastic mi- 
crobeads, have a density that complements the various 
components of the sample to enable enrichment of the 
target component and particularly to enable enrichment 
of rare cells. In one embodiment, the particulate carrier 
includes an antibody having a binding affinity for the tar- 
get component, such as tumor cells. In further embodi- 
ments, other affinity binding agents can be used. It was 
generally believed that after centrifugation, tumor cells 
are concentrated at the interface of the platelet/plasma 
region and above the denser majority while cells. The 
tumor cells harvested generally have a high concentra- 
tion of contaminating mononuclear cells. It has now 
been found that tumor cells are not always concentrated 
at the interface between the cell layers and are difficult 
to recover without significant contamination from other 
interfering cells. In one embodiment of the invention, the 
particulate carrier has a density that is lower than the 
density of white blood cells so that the particulate carrier 
and the tumor cells that are bound to or captured on the 
carrier are concentrated above the layer of white blood 
cells. 

[0029] In a first embodiment of the invention, the 
method of harvesting and enriching a target component 
is a positive selection prpcess comprising the steps of 
contacting the sample fluid with a binding agent that Is 
able to bind with the target component, and centrifuging 
the sample with a device capable of expanding constit- 
uent layers and enriching the target component. The tar- 
get component can then be harvested and further proc- 
essed to identify and culture the component by known 
methods. Examples of suitable identifying processes in- 
clude flow cytometry and molecular nucleic acid ampli- 
fication. 

[0030] The centrifugation in one embodiment is car- 
ried out using a centrifuge device 1 0 as shown In Figures 
1 and 2. Device 10 in the embodiment illustrated, in- 
cludes a container, such as tube 12, that is preferably 
made of glass or other transparent material, such as 
plastic. Tube 12 has a closed bottom end 14 and an 
open top end 16. A stopper 18 is fitted in open top end 



1 6 to close tube 1 2. Preferably, stopper 1 8 is made of a 
suitable elastomeric or rubber-like material that can be 
pierced by a cannula, needle or other piercing device. 
Stopper 18 has a substantially cylindrical body portion 
5 20 having an outer dimension to form a snug friction fit 
in top end 16 of tube 12. A shoulder 21 extends radially 
outward from an upper end of stopper 1 8 to engage top 
end 16 of tube 12. 

[0031 ] Tube 1 2 has a length and diameter suitable for 
10 centrifuging a sample fluid. In one embodiment, tube 1 2 
has a length of about 75 mm, an internal diameter of 
about 40 mm and a capacity of about 0.9 ml. 
[0032] A float 22 is disposed In tube 12 as shown In 
Figure 1 . Float 22 is dimensioned to fit snugly in tube 12 
15 and slide along the length of tube 1 2 during centrifuging 
of the sample. Float 22, in the embodiment illustrated, 
includes an outer sleeve 24 having a cylindrical shape 
complementing the Inner surface of tube 12. Outer 
sleeve 24 is preferably made from a pliable material, 
such as a vinyl resin, that is able to deform slightly during 
centrifugation. Outer sleeve 24 can expand and contract 
in response to the centrifugal force so that float 22 is 
able to slide within tube 1 2. The pliable material returns 
to its original shape and dimensions at static conditions 
so that outer sleeve 24 snugly contacts the inner surface 
of tube 1 2 and is able to slide within tube 1 2 under cen- 
trifugal force. A silicone lubricant can be applied to the 
inner surface of tube 1 2 to assist In the sliding movement 
of the float 22. 

[0033] Float 22 includes an inner sleeve 26 having an 
axial passage or bore 28 forming a through passage. 
Inner sleeve 26 is coupled to outer sleeve 24 by a bond- 
ing agent or other suitable method. Inner sleeve 26 is . 
made of a rigid material that is dimehsionally stable dur- 
ing centrifugation so substantially no distortion occurs 
during centrifugation. Axial bore 28 has a length and di- 
ameter suitable for expanding a fraction of the sample 
material during centrifugation. In one embodiment of the 
invention, axial bore 28 has an inner diameter of about 
1.265 mm and a length of about 4,0 mm. Inner sleeve 
26 is preferably made from a plastic such as polystyrene 
that does not interfere with the components of the sam- 
ple. Float 22 Is intended to be exemplary of a suitable 
centrifuge device capable of separating and expanding 
a cell fraction. It will be understood that there are other 
devices that can be used during centrifugation to sepa- 
rate rare cell fractions! Suitable devices typically include 
a passage or a constricted area for elongating constitu- 
ent layers during centrifugation to enable separation of 
the constituent layers. 

[0034] Float 22 is dimensioned to fit in tube 12 and 
slide within the tube 12 white centrifuging to settle be- 
tween selected density layers of the sample fluid and 
force the target component into the axial bore 28 of float 
22. Axial bore 28 of float 22 has an internal volume suit- 
able to collect a substantial portion of the target compo- 
nent. The internal volume and diameter of the float ef- 
fectively expand the layer of the target component. An 
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example of this type of cell harvesting device Is dis- 
closed in U.S. Patent No. 5,393,674 to Levine et al., 
which is hereby incorporated by reference in its entirety. 
[0035] Float 22 is selected to have a density to com- 
plement the target component and the sample so that 
the target component collects in the axial bore 28 by en- 
abling float 22 to settle at a predetermined point in the 
sample. In one embodiment of the invention, float 22 has 
a density to settle between the resulting plasma layer 
and the layer of red blood cells after centrlfugatlon. In 
this embodiment, the rare cells that normally collect at 
the interface between the plasma and red blood cell lay- 
ers collect in the axial bore 28 where they can be recov- 
ered. 

[0036] The sample is centrifuged at a rate sufficient 
to separate the various constituents into layers. The 
centrifuge can be at a speed to produce a centrifugal 
force of about 400 G to about 800 G depending on the 
sample fluid. In embodiments, the centrifuge can pro- 
duce a force of 1 ,000 G or more. 
[0037] The method of the invention can be a positive 
selection or a negative selection for harvesting compo- 
nents, and particularly rare cells. In the positive selec- 
tion method, a sample fluid Is mixed with at least one 
antibody having an affinity for the target component. A 
negative selection mixes the sample with an antibody 
having an affinity for the contaminating cells, such as 
leukocytes and/or red blood cells. Suitable negative se- 
lection antibody reagents in the form of specialized con- 
jugates and complexes are available from StemCell 
Technologies Inc. and Miltenyi BioTech GmbH. Underi- 
vatized antibodies are available from other sources 
such as Pharmagen, Inc. The resulting mixture is then 
centrifuged using the harvesting float device to harvest 
the enriched target component. Prior to centrifuging, the 
sample can be combined with a density gradient media 
as known in the art to enhance the separation of the.tar- 
get component. 

[0038] The positive selection han/esting method in 
one embodiment of the invention utilizes a particulate 
carrier having a coating of antibody with an affinity to- 
ward the target component. In preferred embodiments, 
the particulate carrier is an amount of plastic mi- 
crobeads with a coating pf an antibody with a binding 
affinity for the rare cells to be harvested, and particularly 
tumor cells. 

[0039] The density of the microbeads and the density 
of the float are coordinated to collect the microbeads in 
the axial bore of the float. The positive selection harvest- 
ing uses microbeads having a particle size of about 0.05 
microns to about 7 microns, and typically about 4 to 5 
microns, and a density less than white blood cells. The 
microbeads can have a density in the range of about 
1 .00 to about 1 .05, and preferably about 1 .02 to about 
1 .03. The microbeads and the captured rare cells have 
a density so that they are focused in the float when the 
sample and float are centrifuged. The float has an ap- 
propriate density so that the float settles in the sample 



after centrifuging where the rare cells normally settle. In 
this embodiment, the microbeads are sufficiently light to 
float above the centrifuged layers of white and red blood 
cells. The float preferably has a density to float above 
5 the white and red blood cell layers to harvest the mi- 
crobeads. 

[0040] The microbeads are made of a suitable mate- 
rial that is non-reactive with the target component and 
particularly non-reactive with the rare cells. Suitable ma- 
10 terials include polyacrylamides, polyurethanes, polysut- 
fones, fluorinated or chlorinated resins, such as polyvi- 
nylchioride, polyethylene, polypropylene, polycar- 
bonates and polyesters. The particle is typically about 
4 to 5 microns, although the particle size can vary de- 
15 pending on the target component and internal diameter 
of the float. A number of commercially available mi- 
crobeads have an antigen bonded to the surface of the 
■ microbeads. The antibody can be bonded directly to the 
surface of the microbead or through an intermediate 
20 coupling agent. Suitable antibody coated microbeads 
are commercially available from Miltenyi Biotec GmbH. 
An example of a suitable microbead is available from 
Miltenyi Biotec under the tradename MACS CD 27. 
[0041] The antibody in the positive selection method 
25 has a binding affinity for the rare cells and is selected 
according to the target rare cells to be harvested from 
the sample. Examples of rare cells to be harvested in- 
clude tumor cells, fetal cells and the like. Examples of . 
tumor cells that can be bound to the particulate carrier 
30 can be of epithelial origin and can be localized or non- 
localized. The tumor cells can be of the bladder, brain, 
breast, colon, kidney, liver, lung, ovary, pancreas, pros- 
tate, rectum and stomach. Tumor cells can also be in 
the form of sarcoma, such as fibrosarcoma or rhabdosa- 
rcoma, hematopoietic tumor of the lymphoid or myeloid 
lineage, melanoma, teratocarcinoma, neuroblastoma, 
or glioma. 

[0042] The microbeads preferably have a surface ar* 
ea sufficient to contain an amount of the selected anti- 
body to bind an effective amount of the rare cells being 
targeted. The amount of the microbeads combined with 
the sample can vary with the affinity of the antibody, con- 
centration of the rare cells in the sample, the nature of 
the sample, and the volume of the sample. 
[0043] The method of the invention is suitable for use 
in harvesting rare cells from various bodily fluids, and 
particularly anticoagulated blood. Other fluids that can 
be analyzed for rare cell content include urine, saliva, 
lymph fluid, spinal fluid, semen, amniotic fluid, cavity flu- 
ids and tissue extracts. 

[0044] The method is carried out using the centrifuge 
tube 12 and float 28. In preferred embodiments, tube 12 
is evacuated or filled with an inert gas at a subatmos- 
pheric internal pressure. The sample to be tested is 
transferred from a primary collecting tube by a transfer- 
ring device having a double piercing needle or cannula. 
The needle extends from the transferring device to the 
tube by piercing the stopper in tube 1 2. The low pressure 
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in tube 12 draws the fluid sample into tube 12. A thlxo- 
tropic gel can be provided in tube 1 2 as known in the art 
to preserve band formation in the sample when centri- 
fuged. Various other separation agents, dyes and the 
like can be added to tube 1 2 to promote separation and 5 
identification of components. The microbeads contain- 
ing the antibody are provided in the tube 12 and are 
mixed with the fluid sample by gentle shaking or stirring. 
The sample is then incubated to bind the target compo- 
nent to the microbeads. 

[0045] The tube, float and sample are centrifuged at 
a sufficient speed and for a length of time necessary to 
separate the constituents of the sample into layers and 
force the microbeads and the trapped target component 
into the axial bore of the float. The sample can be cen- 
trifuged at a speed to provide sufficient centrifugation 
force to cause separation of the layers. The tube is slow- 
ly stopped and removed from the centrifuge. A needle 
or cannula then pierces the stopper and is inserted into 
the axial bore to remove the sample containing the mi- 
crobeads. The harvested sample is further processed 
and analyzed by various processes as known in the art. 
In one embodiment, the harvested cells are analyzed 
using a flow cytometer. The rare cells or other target 
components can be washed and separaited from the mi- 
crobeads and the binding antibody by known methods. 
The resulting harvested rare cells are significantly en- 
riched compared to many prior processes and have a 
substantially lower contaminant level of red and white 
blood cells. 

[0046] In a second embodiment of the invention, the 
method is a negative selection method for the enrich- 
ment of rare cells. The rare cells are enriched using a 
binding agent that is able to bind with the contaminating 
non-rare cells, such as red blood cells or white blood 
cells. 

[0047] In preferred embodiments, the binding agent 
is able to bind to one or more white blood cell and/or red 
blood cell or that bind to surface antigens on the cells. 
The binding agents can be antibodies that are able to 
agglutinate the white blood cells or bind the white blood 
cells to red blood cells. The resulting larger and denser 
particles can be separated from the non-rare cells dur- 
ing centrifugation. Suitable antibodies that are able to 
bind with and capture the non^rare cells include antihu- 45 
man antibodies. Examples of suitable antibodies that 
can be used to bind with white blood cells (leukocytes) 
include the leukocyte CD antibodies such as CD2, CD3, 
CD4. CDS, CD7. CD8. CDIIa, CDIIb. CD11c, CD14, 
GDI 5. CD16. CD19, CD20, CD28, CD36, CD42a, 50 
CD43, CD44, CD45, CD45R, CD45RA, CD45RB, 
CD45RO, CD57 and CD61 . Other binding agents that 
can be used include a mixture of antihuman CD45, an- 
tihuman CD19, antihuman CD14 and antihuman CDS. 
[0048] Preferably, the antibodies are bound to the sur- 55 
face of the microbeads as in the previous embodiments. 
The microbeads in the negative selection process have 
a particle size suitable for the sample and the target 



component. Generally, the particle size ranges from 
about 0.05 microns to about 7 microns, and preferably 
about 4 microns to about 5 microns. In this embodiment, 
the beads preferably have a density greater than the 
density of white blood cells, and more preferably of 
about 1 .07 to about 1 .09 g/ml, and typically in the range 
of about 1 .08 to about 1 .09 g/ml. In this manner, the. mi- 
crobeads sink during centrifugation and the rare cells 
settle above the red and white blood cell layers. The float 
has density to float on the non-rare cells layers so that 
the rare cells settle in the axial bore of the float where 
they can be removed. 

[0049] The method of the negative selection han/est- 
ing is similar to the positive selection discussed above. 
The sample fluid is provided in the tube and mixed with 
the rnicrobeads containing the non-rare cell antibodies. 
After incubating, the tube containing the mixture is incu- 
bated and centrifuged for sufficient time to cause the lay- 
ers to separate and the rare cells to collect in the axial 
bore of the float where the rare cells can be recovered. 
[0050] In further embodiments of the invention, the 
method employs two microbeads having different affin- 
ity binding agents for capturing two different compo- 
nents. In one embodiment, an amount of first mi- 
crobeads having an affinity binding agent with an affinity 
for rare cells, such as tumor cells, are mixed with the 
sample. The first microbeads have a density to separate 
from the white and red blood cells. The first microbeads 
have a particle size, density and affinity binding agent 
substantially the same as the microbeads of the positive 
selection of the previous embodiment. An amount of 
second microbeads having an affinity binding agent with 
an affinity for white blood cells is also mixed with the. 
sample. The second microbeads haive a density to sep- 
arate the white blood cells, red blood cells, or a combi- 
nation thereof from the rare cells. The resulting mixture 
is centrifuged with the float so that the first microbeads 
with the captured rare cells settle in the axial passage 
where they can be recovered. The second microbeads 
have a particle size, density and affinity binding agent 
substantially the same as the negative selection method 
of the previous embodiment. In this manner, the second 
microbeads separate from the first microbeads during 
centrifugation to separate the contaminating cells, such 
as the red and/or white blood cells from the target celts 
and the first microbeads. The first microbeads have a 
particle size and density to be collected in the axial pas- 
sage of the float for recovering the target cells. 
[0051] Referring to Figure 3, another embodiment of 
the centrifuge device 30 is shown! Device 30 is particu- 
larly suitable for various cell manipulations after sepa- 
ration from a sample. For example, rare cells can be 
separated from a sample and subjected to various de- 
tection and assay processes with device 30. In this em- 
bodiment, device 30 includes a hollow container 32 hav- 
ing a substantially rectangular shape. Container 32 in- 
cludes a front wall 34, and an opposite rear wall 36 hav- 
ing a longitudinal length and a width. Opposite side walls 
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38 and a bottom wall 40 extend between front wall 34 
and rear wall 36 to form an open cavity 42. Container 
32 Includes an open end 44 to receive a stopper 46 for 
closing cavity 42. Preferably, container 32 is made of a 
transparent material such as glass or plastic. 
[0052] Container 32 is dimensioned to receive a vol- 
ume of a biological sample suitable for analysis of a tar- 
get component. Container 32 generally has a volume of 
about 8 ml to about 1 0 ml, and preferably about 9 ml. In 
the illustrated embodiment, side walls 38 of container 
32 have a dimension to define a thickness of cavity 42 
that is sufficiently thin to visualize, detect and analyze a 
target component through front wall 34. Examples of 
suitable detection and analysis methods include micro- 
scopy to visualize cells in the sample. Container 32 is 
typically about 7 cm to about 8 cm in length, and about 
3 cm to about 4 cm in width. Side walls 38 are dimen- 
sioned so that cavity 42 has a thickness of about 3 mm 
to about 6 mm, and preferably about 4 mm. 
[0053] Container 32 includes a movable float 48 that 
is able to slide within container 32 in the longitudinal di- 
mension in a manner similar to the previous embodi- 
ment. Float 48 is dimensioned to fit within cavity 42 of 
container 32 and has an outer dimension corresponding 
to the inner dimension of container 32. As shown in Fig- 
ures 3-5, float 48 has a base 50 with a substantially flat 
bottom surface 54. Base 50 includes an inclined leading 
end 56 and an inclined trailing end 58. A plurality of ribs 
60 are coupled to top surface 54 of base 50. 
[0054] As shown In Figure 5, ribs 60 extend in a lon- 
gitudinal direction with respect to the longitudinal dimen- 
sion of base 50. Ribs 60 are aligned in pairs to form 
channels 62 extending the length of base 50 between 
adjacent ribs. Ribs 60 have a height to fit closely against 
the inner surface of container 32. Channels 62 are di- 
mensioned to separate and elongate the layers during 
. centrifugation. 

[0055] In this embodiment, a biological sample, such 
as a blood sample, is placed in container 32. An amount 
of microbeads 64 having an affinity binding agent for a 
target component is mixed with the sample. Container 
32 is then centrif uged as in the previous embodiment to 
collect the microbeads 64 with the captured target com- 
ponent in longitudinal channels 62 of float 48. Mi- 
crobeads 52 and the captured target component can 
then be analyzed by visualizing the target component 
within container 32 by microscopy methods as known in 
the art. 

[0056] In the embodiments shown in Figure 5. the 
bipod sample after centrif uglng separates into a layer of 
red blood cells 66, a granulocyte cell fraction layer 68, 
a mononuclear cell fraction 70. a plasma fraction 72 and 
a platelet/plasma interface 74. |n a positive selection 
process, microbeads 64 have an affinity for the target 
compound and collect in channels 62. Alternatively, mi- 
crobeads 64 can have an affinity for white and/or red 
blood cells In a negative selection process. Channels 
62 are formed between ribs 60 and are enclosed by top 



wall 34 of container 32. Inclined leading edge 56 and 
inclined trailing edge 58 divert the sample through chan- 
nels 62 as float 48 slides through container 32. Mi- 
crobeads 64 are retained in a thin layer in channels 62 

5 close to top wall 34 of container 32 so that the mi- 
crobeads 64 can be visualized through top wall 34 by 
microscopy or other analytical methods as known in the 
art. Preferably, front wall 34 of container 32 is substan- 
tially flat to prevent the optical distortion normally asso- 

10 elated with cylindrical containers. 

Example 

[0057] This example compares the harvested tumor 
15 ceils from a sample with and without a negative selec- 
tion. The harvester separations were compared for 6.0 
mis of freshly collected whole blood that were spiked 
with 0, 50 and 500 cultured prostate tumor PC-3 cells. 
An antibody cocktail obtained from StemCell Technolo- 
gies, Inc. under the tradename RosetteSep was mixed 
with each of the blood samples and incubated for 20 
minutes at room temperature. A control blood sample 
was prepared without the antibody treatment. The anti- 
body cocktail provided a negative selection to remove 
the unwanted white blood cells. 
[0058] The blood samples were layered on top of a 
density media in a 16 x 100 PET Vacutainer tube ob- 
tained from Becton Dickinson containing a harvester 
float and 2 mis of POLYMORPHPREP™ density media. 
The samples were centrifuged in a swinging bucket cen- 
trifuge for 30 minutes at 20°C at a rate of about 650 g. 
The control sample showed the presence of white blood 
cells with the tumor cells in the harvester float. The an- 
tibody treatment demonstrated tumor cells collected in 
the harvester float with a greatly reduced white cell pop- 
ulation. The tumor cells were removed from the harvest- 
er float. Flow cytometry demonstrated recovery of about 
90% of the tumor cells. . 

[0059] While various embodiments have been cho- 
sen to illustrate the invention, it will be appreciated by 
those skilled in the art that various modifications and ad- 
ditions can be made without departing from the scope 
of the Invention as defined in the appended claims. 



45 

Claims 

1 . A method of harvesting components from a sample 
material, said method comprising the steps of: 

50 

providing a sample material in a sampling con- 
tainer, said sampling container having a focus- 
ing device with a passage for receiving and 
elongating layers of sample components to be 
55 harvested from said sample, 

providing at least one antibody in said sampling 
container, and mixing said antibody with said 
sample, wherein said antibody has an affinity 
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for binding with at least one substance in said 
sample, and 

centrifuging said container and sample at suf- 
ficient G forces to separate components of said . 
sample and to force a target component from 
said sample Into said passage. 

2. The method of claim 1 , further comprising the step 
of removing said target component from said pas- 
sage. 

3. The method of claim 1 , wherein said focusing de- 
vice is a float received in said container and having 
a dimension and shape complementing an interior 
of said container, said float including ribs defining a 
longitudinal channel between said float and said . 
container for receiving and elongating said target 

. component during centrifuging; and said method 
further comprising a particulate carrier, wherein 
said antibody is bound to said particulate carrier and 

. has an affinity for capturing said target component, 
said method comprising centrifuging said container 
for sufficient time and at a sufficient speed to collect 
said particulate carrier and captured substance in 
said longitudinal channel. 

4. The method of claim 1 , wherein said container is a 
tube having an inner surface, and said focusing de- 
vice is a float having an outer surface complement- 
ing sard inner surface of said tube and having an 
axial through passage. 

5. The method of claim 4, further comprising providing 
a particulate carrier and mixing said piarticulate car- 
rier with said sample, wherein said at least one an- 
tibody Is bound to a surface of said particulate car- 
rier. 

6. The method of claim 5, wherein said carrier com- 
prises an effective amount of microbeads having a 
density greater than a density of white blood cells 
and wherein said antibody has an affinity for white 
blood cells. 

7. A method of harvesting a target component from a 
sample, said method comprising the steps of: 

providing a sample in a sampling tube, said 
sampling tube containing a float dimensioned 
to fit within said sampling tube and having a 
through passage for receiving and elongating 
layers of blood constituents to be harvested 
from said sample, 

mixing said sample with at least one particulate 
carrier containing an antibody having a binding 
affinity for a specific sample constituent, 
centrifuging said tube and sample at sufficient 
G forces to move said float toward one end of 



said tube and to force a target component from 
said sample into said through passage, and 
removing said target component from said 
through passage. 

5 ■ 

8. The method of claim 7, further conriprising the step 
of incubating said sample prior to centrifuging. . 

9. The method of claim 7, wherein said antibody has 
10 an affinity for said target component, and further 

comprising the step of separating said target con- 
stituent from said particulate carrier. 

10. A method of harvesting a target component from a 
15 whole blood sample, said rriethod comprising the 

steps. of: 

providing a whole blood sample in a sampling 
tube, said sampling tube containing a float di- 

20 mensioned to fit within said sampling tube and 

having a through passage for receiving and 
elongating layers of blood constituents to be 
harvested from said sample, 
mixing said sample with an amount of first car- 

25 rier beads having a coating of a first antibody 

that has a binding affinity for a target constituent 
in said sample, and an amount of second car- 
rier beads having a coating of said second an- 
tibody that has a binding affinity for white blood 

30 cells, 

centrifuging said tube and sample at sufficient 
G forces to move said float toward one end of 
said tube and to force said first carrier beads . 
and target constituent into said through pas- 

35 sage, and 

removing said first carrier beads and target 
constituent from said through passage. 
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(57) Die Erflndung betrifft ein Verfahren zum Nach- 
weis epithelialer Tumorzeilen in einer KdrperflQssigkeit 
mit folgenden Schritten: 

a) Bereitstellen einer bestimmten Menge einer Kdr- 
perflQssigkeit, 

b) l\/larkieren der vitalen epithelialen Tumorzellen 
durch Zugabe antihumaner epithelialer Antlkorper, 
die an magnetische Partikel gebunden sind, zu der 
Kdrperfliissigkeit. 

c) Markieren der vitalen epithelialen Tumorzellen 
durch Zugabe antihumaner epithelialer Antlkorper, 
die an ein Fluorochrom gebunden sind, zu der Kor- 
perflussigkeit. 

d) Magnetische Anreicherung der vitalen epithelia- 
len Tumorzellen, 



e) Immobilisierung der so erhaltenen Suspension 
auf einem Tragermaterial durch selbstandiges An- 
haften der vitalen Tumorzellen, 

f) Erfassung der vitalen epithelialen Tumorzellen 
mittels Laser-Scanning-Cytometrie und Berech- 
nung der Anzahl dieser Zellen in bezug auf die Men- 
ge der bereitgestellten Korperflussigkeit. 
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Beschreibung 

[0001] Die Erfindung betrifft ein Verfahren zum quan- 
titativen Nachweis vitaler, epithelialer Tumorzellen in el- 
ner Korperflussigkeit. 

[0002] Die Erfindung betrifft ailgemein das Gebiet der 
Indikation solider Tumoren. Bekanntllch ist die Metasta- 
slerung bei sollden Tumoren der Hauptgrund f Cir hohe 
Krebssterbllchkeit. Sie wird durch Zellen verursacht, die 
In den Lymphknoten dissemlnlert werden und/oder Im 
perlpheren Blut zlrkulleren. Von den zirkulierenden Tu- 
morzellen kann unter Umstanden ein Tell In entfernte 
Kompartlmente gelangen, wo sle erneut zu wachsen 
beglnnen. Derartige Kompartimente sind bei einlgen Tu- 
moren bekannt. Bei Brustkrebs und DIckdarmkrebs ist 
ein solches Kompartiment das Knochenmark. Die Hau- 
figkelt der Tumorzellen in bezug auf normale Knochen- 
markszellen betragt hochstens 1 0 bis 1 0'^ Tumorzel- 
len/normale Knochenmarkszellen. Urn Proben fur eine. 
Knochenmarksdiagnostik zu erhalten, 1st ein spezieller 
EIngrlff In Verbindung mit Oder nach einer Operation er- 
forderlich. Eine regelmaBige Kontrolle wurde eine Wle- 
derholung eines derartlgen Eingrlffs erfordern. Wegen 
der damit verbundenen Unannehmlichkeiten fur den 
Patienten sowie des Kosten- und Zeitaufwands ist man 
bestrebt. die Anzahl operatlver Eingrlffe m6gllchst go- 
ring zu halten. 

[0003] Eine weltere Moglichkeit bietet eine Untersu- 
chung des wesentlich lelchter zugangllchen perlpheren 
Blutes. Dabei trltt alierdings das Problem auf, da3 darin 
nachweisbare Tumorzellen nur in SuBert gerlnger An- 
zahl vorhanden sind. Erschwerend kommt hinzu, da3 
die im perlpheren Blut zirkulierenden Tumorzellen das 
Transpjantat bei eIner Hochdosls-Chemotherapie oder 
einer autologen perlpheren Blutstammzellentransplan- 
tation kontaminleren kdnnen. Es sind deshalb hoch- 
empfindliche Systeme notwendig, urn eine derart gerin- 
ge Anzahl an restlichen Tumorzellen nachzuweisen. 
[0004] Das derzeit empflndllchste Nachweisverfah- 
ren ist die Polymerase-Kettenreaktion (PGR). Bei ha- 
matologischen Malignornen zeigt die PGR von Qense- 
quenzen, die mit dem Tumor assoziert sind, eine hohe 
Empfindlichkeit beim Nachweis einer geringen Zahl an 
Tumorzellen. Alierdings Ist bei sollden Tumoren die 
PGR mit Problemen hinsichtlich der Anwendbarkeit, der 
Spezifitat und des klinischen EInflusses verbunden. Als 
weiteres Verfahren kann auch die gewebe- und rel- 
fungsabhangige Expression der Oberflachen- oder in- 
trazellularen Antigene kann genutzt werden, urn aber- 
rante Zellen vom normalem Gewebe immunlogisch zu 
unterscheiden. Die Hauflgkeit von 10-3 bis lO-^. mit der 
Tumorzellen aus soliden Tumoren normalerweise in pe- 
ripherem Blut zu enwarten sind, erfordert aber die Pru- 
fung einer hohen Anzahl negativer Zellen, urn eine po- 
sitive Zelle bzw. eine Tumorzelle zu finden. Ein derarti- 
ger immunologischer Nachweis der Tumorzellen mul3 
mit Hllfe eines Mikroskops vorgenommen werden. Er ist 
mit einem sehr hohen Aufwand verbunden. Dabei kon- 



nen Tumorzellen aufgrund ihrer geringen Anzahl uber-: 
sehen werden. Die Genauigkeit eines solchen Nach- 
weisverfahrens vergleichswelse gering ist. Auch die 
Verwendung von Bildanalyseverfahren verbessert die 

5 Sensitivitat und die Geschwindigkeit nur unwesentlich. 
[0005] Bei bekannten Verfahren wird die Anzahl der 
Tumorzellen in bezug auf die Anzahl aller Zellen, bei- 
spielsweise der Leukozyten, ermittelt. Die Anzahl der 
Leukozyten kann aber zum Beispiel bei einer Hochdo- 

10 sis-Chemotherapie stark schwanken, so daB die Anzahl 
der Tumorzellen in bezug auf die Anzahl von Leukozy- 
ten nur bedingt aussagefahig ist. 
[0006] Aufgabe der Erfindung ist es, die Nachtelle 
nach dem Stand der Technik zu beseitigen. Es soli Ins- 

15 besondere ein verbessertes Verfahren zum quantitati- 
ven Nachweis vitaler epithelialer Tumorzelleri in einer 
Korperflussigkeit angegeben werden, dessen Genauig- 
keit und Geschwindigkeit die bisher bekannter Verfah- 
ren ubertrifft. 

20 [0007] Diese Aufgabe wird durch die Merkmale des 
Anspruchs 1 gel6st. ZweckmSBige Ausgestaltungen 
der Erfindung ergeben sich aus den Merkmalen der An- 
spruche 2 bis 11. 

[0008] Nach MaBgabe der Erfindung ist ein Verfahren 
25 zum quantltativen Nachweis vitaler epithelialer Tumor- 
zellen in einer Kdrperflussigkelt mit folgenden Schritten 
vorgesehen: 

a) Bereitstel|en einer bestimmten Menge einer KOr- 
30 perflussigkeit, 

b) Markieren der vitalen epithelialen Tumorzellen . 
durch Zugabe antihumaner epithelialer Antikorper, 
die an magnetische Partikel gebunden sind, zu der 

35 Korperflussigkeit, 

c) Markieren der vitafen epithelialen Tumorzellen 
durch Zugabe antihumaner epithelialer Antikorper, 
die an ein Fluorochrom geburiden sind, zu der Kdr- 

40 perflussigkeit, 

d) Magnetische Anreicherung der vitalen epithelia- 
len Tumorzellen, 

45 e) Immobilisieren der so erhaltenen Suspension auf 
einem Tragermaterial durch selbstSndiges Anhaf- 
ten der vitalen Tumorzellen, 

f) Erfassen der vitalen epithelialen Tumorzellen mit- 
50 tels Laser-Scanning-Cytometrie und Berechnen 
. der Anzahl dieser Zellen in bezug auf die Menge 
der bereitgestellten Korperflussigkeit. 

[0009] Das vorgeschlagene Verfahren bietet die Mog- 
55 llchkeit, die Anzahl von vitalen epithelialen Tumorzellen 
direkt in einer Korperflussigkeit, wie beispielsweise Blut. 
Knochenmark, Knochenmark-Aspirat, Transsudat, Ex- 
sudat, Lymphe, Apheresat, Aszltes, Urin, Speichel und 
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Drainageflussigkeiten aus Wundsekreten, zu bestim- 
men. Die eingesetzten Antikorper binden spezifisch an 
vitale tumorverdSchtige Zellen. Vitale Tumorzellen kdp- 
nen damit von toten Tumorzellen getrennt werden. Die 
Anzahl der vitalen Tumorzellen kann In bezug auf das 5 
Volumen der eingesetzten K6rperflusslgkeit angegeben 
werden. Das erfindungsgema3e Verfahren llefert stan- 
dardisierte Werte, Uberdies kann das TrSgermaterial, 
auf dem die untersuchte Korperflussigkeit nach Markie- 
rung, Anreicherung und Trennung aufgetragen wird, zu io 
Dokumentationszwecken aufbewahrt werden, so da3 
es fur eine spatere Begutachtung und weitere Charak- 
terlsierung zur Verfugung steht. Bei den bisherlgen Ver- 
fahren kann demgegenuber zumeist nur ein MeBproto- 
koll aufbewahrt werden. 

[0010] Mit dem Verfahren der vorliegenden Erflndung 
konnen sehr gerlnge Mengen an Tumorzellen In einer 
Korperflussigkeit nachgewiesen werden. Zu Testzwek- 
ken wurden beispielswelse zehn Tumorzellen zu 20 ml 
Vollblut gegeben. Diese zehn Tumorzellen konnten mit 20 
dem erfindungsgemaQen Verfahren vollstandig nach- 
gewiesen werden. Dieses Ergebnis ist mit dem ver- 
gleichbar, das mittels PGR erreicht werden kann, wobei 
jedoch die mit diesem Verfahren verbundenen Nachtei- 
le vermieden werden konnen. Das erfindungsgemaQe 25 
Verfahren eriaubt die quantitative Bestlmmung vltaler 
epithelialer Tumorzellen in einer Korperflussigkeit. 
[0011] ZweckmaBigerweise wird die Korperflussig- 
keit, insbesondere peripheres Blut, vor der Markierung 
der vitalen epithelialen Tumorzellen mit AntikSrpern ly- 30 
siert, urn beispielswelse Erythrozyten abzutrennen. Die 
erhaltene Suspension wird anschliefSend zentrifugiert, 
der Uberstand abgetrennt und verworfen. Es ist nicht 
erforderlich, dalB alle Erythrozyten entfernt werden, da 
diese das Verfahren nicht beeinflussen. 35 
[001 2] In einer Variante der Erflndung werden die Tu- 
morzellen vor der rhagnetischen Anreicherung sowohl 
mit antihumanen epithelialen Antikorpern, die an ma- 
gnetische Partikel gebunden sind ("magnetic beads" 
Oder "Microbeads"), als auch mit antihumanen epithe- 40 
lialen Antikorpern, die an ein Fluorochrom gebunden 
sind, markiert. Die magnetischen Partikel haben vor- 
zugsweise einen Durchmesser, der kleiner als 70 nm 
ist. Die Tumorzellen tragen uber die Antigen-Antikorper- 
Blndung sowohl magnetische Partikel als. auch einen ^5 
Fluoreszenzfarbstoff. Die Tumorzellen werden an- 
schliefBend durch magnetische Zellseparation angerei- 
chert, indem sie z.B. auf eine Saule gegeben werden, 
die sich in einem starken, z.B. durch einen Permanent- 
magnet gebildeten, Magnetfeid befindet. Die Zellen der so 
Korperflussigkeit, an die keine magnetischen Partikel 
gebunden sind, werden aus der Saule herausgespult. 
Die markierten Zellen verbleiben wegen der Wirkung 
des Magnetfelds in der Sdule. Nach dem Entfernen des 
Magnetfelds konnen die in der Saule verbliebenen Tu- ss 
morzelien ausgespult werden. 
[0013] Alternativ kann die magnetische Zellseparati- 
on erfolgen, bevor die vitalen epithelialen Tumorzellen 



durch Zugabe ahtihumaner epithelialer Antikdrper, die 
an ein Fluorochrom gebunden sind. markiert werden. 
Dazu ist es ausreichend, wenn die Tumorzellen mit den 
magnetischen Partikein markiert werden. 
[0014] ZweckmaBigerwelse wird vor dem. Markieren 
der vitalen epithelialen Tumorzellen ein FcR-Blockie- 
rungsreagenz zu der Korperflussigkeit zugesetzt. 
[0015] Als Antikorper werden vorzugsweise antihu- 
mane epitheliale Antikorper (HEA) venwendet, die von 
der Maus stammen. Als Fluorochrom wird vorzugswei- 
se Fluoresceinisothiocyanat (FITC) eingesetzt. 
[001 6] Nach der Anreicherung und Einf arbung der vi- 
talen epithelialen Tumorzellen wird die Zellsuspension 
auf einen Trager aufgebracht. Dabei handelt es sich 
zweckmafBigenA/eise um einen Objekttrager aus Glas, 
der vorzugsweise mit Poly-L-Lysin beschlchtet 1st. 
[0017] Die Anzahl der Tumorzellen auf dem Trager 
bzw.Tragermaterial wird mittels Laser-Scanning-Cyto- 
metrie bestimmt. Zur Konturierung der auf dem Trager- 
material befindlichen Zellen wird zweckmaBigenA/eise 
das Vonwartsstreulicht (fonward scatter) als Schwell- 
wertparameter bei einer geringen VergroBerung ge- 
nutzt. Die Hlntergrundfluoreszenz kann dynamisch be- 
stimmt werden, um die maximale FluoreszenzintensitSt 
und/odeir die Gesamtf luoreszenz durch Integration Qber 
jede Zelle zu bestimmen. Das ermdglicht es, VerSnde- 
rungen der Hlntergrundfluoreszenz zu korrigieren, so 
daB die Fluoreszenz fur jede Zelle unter den gleichen 
Bedingungen berechnet werden kann und aquivalente 
Ergebnisse fur jede Zelle erhalten werden. Die grOne 
Fluoreszenz der FITC-HEA-markierten Zellen wird vor- 
zugsweise unter Verwendung eines 530/30 nm-Band- . 
paBfllters erfaBt. 

[0018] Die angereicherten und FITC-markierten Zel- 
len (FITC-positive Zellen) konnen auBerdem mit einem 
weiteren Fluoreszenzfarbstoff angefdrbt werden. Bei- 
spielswelse kann die DNA der Zellkerne mit einem DNA- 
spezifischen Farbstoff wie Propidiumiodid angefarbt 
werden. Die rote Fluoreszenz der so angefarbten Zellen 
wird ebenfalls mittels Laser-Scanning-Cytometrle unter 
Verwendung eines 625/28 nm-BandpaBfilters erfaBt. 
Als Schwellwertparameter zur Konturierung dient das 
Vorwartsstreulicht. Die gemessene rote und grune Fluo- 
reszenz werden miteinander verglichen und die Anzahl 
der positiven Ereignisse ermittelt. 
[0019] Die Anzahl an markierten positiven Zellen ist 
im Vergleich zu nach dem im Stand der Technik bekann- 
ten Verfahren aufgrund der Anreicherung pro Volumen 
besonders hoch, so daB die Geschwindigkeit und die 
Qenauigkeit des erfindungsgemdBen Verfahrens deut- 
lich hdher sind. Die Anzahl der gefundenen markierten 
Zellen wird dann auf das ursprunglich eingesetzte Vo- 
lumen an Korperflussigkeit zuruckgerechnet; Das er- 
iaubt es zu verschiedenen Zeitpunkten ermittelte Nach- 
weisergebnlsse zu vergleichen. Es kann rasch der Er- 
folg z.B. einer Tumortherapie erkannt werden. 
[0020] Die Morphologic der erfaBten positiven Zellen 
kann anschlieBehd durch hamatologische Farbeverfah- 
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reri wie die May-Grunwald-Farbung bestimmt werden. 
[0021] Das erfindungsgemaBe Verfahren erlaubt vor- 
teilhafterweise die Durchfuhrung mehrerer quantitativer 
Nachweise hintereinander. Die Zellen l<6nnen quantita- 
tlv im Hinblicl< auf verschiedene Parameter untersucht 
werden. Dazu konnen die Zellen nach einer ersten 
quantitativen Auswertung z.B. mit einer einen zweiten 
Nachwelsstoff, z.B. einen Fluoreszenzfarbstoff, enthal- 
tenden Losung beaufschlagt werden, welcher z.B. spe- 
zifiscli fur Malignitat ist. Die Koordinaten der Zellen sind 
bereits von der Durchfuhrung des ersten quantitativen 
Nachweises bekannt und im Computer gespeichert. Es 
kann jede Zelle sofort aufgefunden und deren Reaktion 
gegenuber weiteren Nachweissubstanzen erfaBt und 
quantitativ ausgewertet werden. Als weitere Nachweis- 
verfahren konnen insbesondere FISH oder TUNEL 
durchgefuhrt und quantitativ ausgewertet werden. 
[0022] Nachfolgend wlrd die Erflndung anhand von 
Ausfiihrungsbeispielen ndher eriautert. 

Beispiel 1 

[0023] In diesem Beispiel wird ein Verfahren zum 
Nachweis von eplthelialen Tumorzellen in Blut beschrie- 
ben, bei dem die magnetische Anreicherung der vitalen 
eplthelialen Tumorzellen nach der Markrerung der vita- 
len eplthelialen Tumorzellen durch Zugabe antihumaner 
epithelialer Antikorper, an die ein Fluorochrom gebun- 
den ist, erfblgt. 

a. Herstellen einer Verdunnungsreihe von Tumorzellen 
enthaltendem Vollblut 

[0024] Peripheres Blut wurde mit verschiedenen An- 
teilen an Tumorzellen gemischt. Die Tumorzellen 
stammten aus einer Brustkrebszellinie (SK Br2-artig); 
Die Leukozyten des perlpheren Blutes und die Tumor- 
zellen wurden gezahlt. In einem ersten Verdiinnungs- 
schhtt wurden 6 x 10^ Tumorzellen mit 100 ^il Vollblut, 
das 6 X 10^ Leukozyten enthielt, gemischt. Im nachsten 
Verdunnungsschritt wurden jeweils 6 x 1 0^ Tumorzellen 
und 6 X 103 Tumorzellen zu 100 |il Blut gegeben. Im 
anschlieBenden Verdunnungsschritt wurden 6 x 10^ 
und 6 X 102 Tumorzellen zu 1 ml Blut sowie 6 x 102 und 
60 Tumorzellen zu 1 0 ml Oder 20 ml Blut gegeben, wbbel 
Im tetzten Fall eine Verdunnung von 5 Tumorzellen auf 
10^ normate Zellen erhalten wurde. 

b. Magnetische Anreicherung und Anfarbung 

[0025] Zur Trennung an einer magnetischen Saule 
wurden 400 |il mit bis zu 5 x 10^ Zellen aus der in lit. a. 
erhaltenen Verdunnungsreihe mit 100 ^l Blockierungs- 
reagens 30 min in der Kalte inkubiert. Die Zellen wurden 
dann mit magnetischen Partikein, an die antihumane 
epitheliale Antikdrper gebunden sind, (100 ^il 
HEA-Microbeads, Milteny) behandelt, 15 min inkubiert 
und 10mal mit dem Markierungspuffer gewaschen. Die 



Saulen. an denen ein Magnet angebracht Ist, wurden 
gewaschen und die magnetischen Partikel in den Sau- 
len gesammelt. Die negativen Zellen wurden dann 
durch Spulen mit 5mal 500 \i\ Puffer eluiert und die Sau- 
5 leri vom Magnet getrennt. Die in den Saulen verbliebe- 
nen Zellen wurden mit ziisatzllchem Puffer herausge- 
spult und mit 50 \i\ FITC-konjugierten antlhumanen epl- 
thelialen MSuseantikorpern (HEA-FITC-Antikorper, Mil- 
teny) angefSrbt. 

10 

c. Immobilisierung der Zellen und Bestimmung der An- 
zahl der Zellen 

[0026] Die Zellen wurden auf Objekttrager aufgetra- 

15 gen. Nach dem Auftragen von 1 00 ^1 der Zellsuspension 
hafteten die vitalen Zellen nach 10 bis 15 min auf der 
Oberf lache des Objekttragers. Fur optimale Messungen 
mu3 eine Einzelzellsuspension auf dem Objekttrager 
aufgetragen werden, wobei die Zellen einen Abstand 

20 untereinander aufweisen, der etwa dem 2- bis 3fachen 
des Durchmessers einer Zelle entsprlcht. 
[0027] Die anhaftenden Zellen wurden unter Venwen- 
dung eines Laser-Scanning-Cytometers (LSC Compu- 
cyte Corp.) gemessen. Die Konturierung der auf dem 

25 ObjekttragiBr haftenden Zellen wurde unter Venwendung 
des VoHA/artsstreulichtes (forward scatter) als Schwell- 
wertparameter bei einer zwanzigfachen VergroBerung 
durchgefuhrt. Die Hintergrundfluoreszenz wurde dyna- 
misch bestimmt, um. sowohl die maximale Fluoreszen- 

30 zintehsitat als auch die Gesamtf luoreszenz auf Basis ei- 
ner Zelle zu berechnen. Dies ermdgllcht es, die 
Schwankungen der Hintergrundfluoreszenz zu korrigie- 
ren, so da(3 die Berechnung der Fluoreszenz fur alle Zel- 
len gleichwertig erfolgt. Die grune Fluoreszenz der po- 

35 sitiven HEA-FITC-Zellen wurde mit eInem 530/30 nm- 
BandpaBf liter erfaBt und mit einem Photomultiplier ver- 
starkt. 

[0028] AnschlieBend wurden die Zellen auf den Ob- 
jekttragern zentrifugiert und in eine 1 mg/ml Propidi- 

40 umiodid enthaltende PBS-Losung getaucht. Der 
Schwellwert fur die Konturierung der Zellen basierte 
ebenfalls auf dem Vorwartsstreulicht. Die rote Fluores- 
zenz wurde mit einem 625/30 nm BandpaBfilter erfaBt 
und mit einem zweiten Photomultiplier verstarkt. Die ro- 

45 te und grune Fluoreszenz wurden mittels eines Compu- 
terprogrammes (WinCyte, Compucyte Corporation) an- 
geglichen und als Streulichtdiagramme, HIstogramme, 
Prozentwerte und Mittelwerte der FITC-positiven und 
FITC-negativen Zellen dargestellt, wobei die Berech- 

50 nung nur auf dem Bereich beruht, der Einzetzellen um- 
faBt. 

d. Ergebnis 

[0029] Die Korrelation zwischen der berechneten An- 
zahl von Tumorzellen in einer Probe der Verdunnungs- 
reihe und der mittels dem Verfahren ermittelten Anzahl 
war sehr hoch (> 0,99). Sogar bei der lO-^-fachen Ver- 
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dunnung konnten 50 von 60 Zellen nachgewiesen wer- 
den. 

Beispiel2 

[0030] In diesem Beispiel wird ein Verfahren zum 
Nachweis von epithelialen Tumorzellen in Blut beschrie- 
ben, wobei die magnetische Anreicherung der vitalen 
epithelialen Tumorzellen vor der Markierung der vitalen 
epithelialen Tumorzellen durch Zugabe antihumaner io 
epithelialer Antikdrper. die an ein Fluorochrom gebun- 
den sind, erfolgt. 

a. Markierung der Tumorzellen 

[0031] 20 ml peripheres Blut wurde mit 40 ml Eryly- 
sispuffer (155 mM NH4CI. 10 mM KHCO3, 1 mM 
Na2-EDTA) versetzt und in der Kalte 7 min bel 2000 rpm 
zentrlfugiert. Der Uberstand wurde venworfen und das 
Sediment in PBS-EDTA-Losung (50 ml PBS mit 200 \i\ 20 

0. 5 M EDTA) aufgenommen» so daB das Gesamtvolu- 
men 900 ^1 betrug. Zu 300 ^il dieses Gemisches wurden 
100 ^1 FcR-B!ockierungsreagenz (Milteny), 100 ^il der 
magnetischen Partikel, an die antihurriane epitheliale 
Antikorper gebunden sind, (100 hI HEArMicrobeads, 25 
Milteny) zugegeben und gemischt. AnschlieBend wur- 
den zu dieser Suspension 50 fil FITC-konjugierte antih- 
umane epitheliale Mauseantikorper (HEA-FITC-Antikor- 
per, Milteny) zugegeben und 15 min In der Kalte inku- 
biert. 30 

b. Magnetische Anreicherung 

[0032] . Die Separationssaulen wurden in den Magne- 
ton (ctaMACS, Milteny) gestellt und zweimal mit 500 jil 35 
PBS-EDTA-L6sung gewaschen. Die in a. erhaltene 
Suspension wurde mit 500 }il PBS-EDTA-Losung auf- 
geschwemmt und auf die Saule gegeben. Die Saule 
.wurde dreimal mit 500 ^il PBS-EDTA-Losung gewa- 
schen und aus dem Magneton entnommen. Die Saule 40 
wurde anschlieBend mit 200 ^il PBS-EDTA-Losung ge- 
spult. um die markierten Zellen aufzunehmen^ 

c. Immobilisierung der Zellen und' Bestimmung der An- 
zahl der Zellen 45 

[0033] Auf einen mit Poly-L-Lysin beschichteten Ob- 
jekttrager (Labor Schubert) wurden 1 00 ^il der bel lit. b. 
erhaltenen Losung aufgetragen und gleichmaQlg ver- 
teilt. Die Anzahl der Tumorzellen wurde wie in Beispiel 50 

1 , lit. c bestimmt und die Anzahl in bezug auf das ein- 
gesetzte Volumen an peripherem Blut berechnet. 

Patentanspruche 55 

1. Verfahren zum quantitativen Nachweis vitaler epi- 
thelialer Tumorzellen in einer Korperflussigkeit mit 



folgenden Schritten: 

a) Bereitstellen einer bestimmten Menge einer 
KSrperflussigkeit. 

b) Markieren der vitalen epithelialen Tumorzel- 
len durch Zugabe antihumaner epithelialer An- 
tikorper, die an magnetische Partikel gebunden 
sind, zu der Korperflussigkeit, 

c) Markieren der vitalen epithelialen Tumorzel- 
len durch Zugabe antihumaner epithelialer An- 
tikorper, die an ein Fluorochrom gebunden 
sind, zu der Kdrperflussigkeit, . 

d) Magnetische Anreicherung der vitalen epi- 
thelialen Tumorzellen, • 

e) Immobilisieren der so erhaltenen Suspensi- 
on auf einem Tragermaterial durch selbstandi- 
ges Anhaften der vitalen Tumorzellen, 

f) Erfasseh der vitalen epithelialen Tumorzellen 
mittels Laser-Scanning-Cytometrle und Be- 

. rechnen der Anzahl dieser Zellen in bezug auf 
die Menge der bereitgesteilten Kdrperflussig- 
keit. 

2. Verfahren nach Anspruch 1, wobet mittels Laser- 
Scanning-Cytometrie die maximale Fjuoreszenzin- 
tensitat und/oder die Gesamtfluoreszenz pro Zelle 
bestimrht wird. 

3. Verfahren nach einem der vorstehenden Anspru- 
che, wobei die Hintergrundfluoreszenz dynamlsch 
bestimmt wird, so daB fOr jede Zelle Squivalente 
Fluoreszenzwerte erhalten werden. 

4. Verfahren nach einem der vorstehenden AnsprO- 
che, wobei die magnetische Anreicherung der vita- 
len epithelialen Tumorzellen vor der Markierung der 
vitalen epithelialen Tumorzellen durch Zugabe an- 
tihumaner epithelialer Antikorper, die an ein Fluoro- 
chrom gebunden sind, zu der Kdrperflussigkeit er- 
folgt. 

5. Verfahren nach einem der vorstehenden Anspru- 
che, wobei die magnetische Anreicherung der vita- 
len epithelialen Tumorzellen nach der Markierung 
der vitalen epithelialen Tumorzellen durch Zugabe 

. antihumaner epithelialer Antikdrper, die an ein Fluo- 
rochrom gebunden sind, zu der Kdrperflussigkeit 
erfolgt. 

6. Verfahren nach einem der vorstehenden Anspru- 
che, wobei die Kdrperflussigkeit vor dem Markieren 
der vitalen epithelialen Tumorzellen mit Antikdrpern 
lysiert, zentrlfugiert und der Uberstand abgetrennt 
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und verworfen wird. 

7. Verfahren nach einem der vorstehenden Anspru- 

che, wobei zu der Korperflusslgkeit vor dem Mar- 
kieren der vitalen epithelialen Tumorzellen ein Blok- 5 
kierungsreagenz zugesetzt wird. 

8. Verfahren nach einem der vorstehenden Anspru- 
che, wobei zur IVIarkierung der vitalen epithelialen 
Tumorzellen mit antihumanen epithelialen Antikor- io 
pern von der Maus stammende antihumane epithe- 
liale Antikorper verwendet werden. 

9. Verfahren nach einem der vorstehenden Anspru- 
che, wobei als Fluorochrom Fluoresceinisothiocya- i5 
nat (FITC) eingesetzt wird. 

10. Verfahren nach einem der vorstehenden Anspru- 
che, wobei die Korperflussigkeit aus der folgenden 
Gruppe ausgewahit wird: Blut. Knochenmark. Kno- 20 
chenmark-Asplrat, Transsudat; Exsudat, Lymphe, 
Apheresat, Aszltes, Urin, Speichel und Dralnage- 
flQsslgkeiten aus Wundsekreten. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates generally to fluidic processing and, more particularly, to methods and appara- 
tuses concerning an integrated fluidic device capable of enriching and isolating a suspect cell subpopulation from a 
suspension of cells and quantitatively analyzing that subpopulation for marker proteins and mRNAs for the purpose of 
10 detection and diagnosis of conditions such as cancer. 

2. Description of Related Art 

[0002] The identification of increasing numbers of genes that influence disease states and the approach of the post- 
15 genomic era make evident the need for faster and automated technologies that will allow dissemination of the gains 
of molecular diagnosis. If sufficiently small, automatic and inexpensive devices can be developed for molecular screen- 
ing, they would not only revolutionize the diagnosis and prognosis of cancer and other diseases but also would enable 
molecular methods to be disseminated completely - even to the point of care. 

[0003] Although some devices such as gene chips and chip embodiments of the polymerase chain reaction (PGR) 
20 are beginning to enter use, many of the methods developed so far are labor intensive and are not readily suited to 
automated, continuous monitoring, or high throughput applications. Cleariy, a wide range of enabling technologies is 
needed before integrated instruments capable of automated sample preparation and molecular analysis of clinical 
samples become a reality. 

25 SUMMARY OF THE INVENTION 

- [0004] Technology that is the subject of the present addresses issues related to the creation of multiple-use diagnostic 
systems for combined sample preparation and detection of molecular markers. Disclosed herein are systems, methods, 
and devices capable of perfonming fully automated assays. These devices offer the advantages of small size, low 
30 sample volume requirements, and the potential for mass production at low cost. Such low-cost systems are applicable 
to reusable or disposable medical devices. 

[0005] In one embodiment, such a system may include the following subsystems: (1 ) a prefilter stage to concentrate 
suspect cells; (2) a high discrimination separator stage to fractionate cell subpopulations; (3) a stage to burst cells and 
mobilize molecular components; and (4) a stage for automated analysis of protein and mRNA molecular diagnostic 
35 markers. 

[0006] Important technologies for the development of such a system, and others made apparent by the present 
disclosure include the following: a prefiltering methodology to trap suspected cancer cells from blood or dispersed 
lymph node cells; a force balance method that exploits dielectric properties of the suspect cells, and, if needed, their 
immunomagnetic labeling properties, to fractionate them into a microfluidic isolation and analysis chamber; and a 
40 dielectric Indexing and manipulation method for carrier beads that, when combined with certain established molecular 
assay methods, allows for the parallel quantification of multiple molecular markers. 

[0007] U.S. Patent No. 5,858,192 entitled "Method and Apparatus for Manipulation Using Spiral Electrodes" discloses 
the preamble of the independent claim 1 . 

[0008] As certain technology disclosed herein builds upon work involving dielectrophoretic trapping, dielectrophoretic 
45 field-flow fractionation (DEP-FFF). traveling wave methods, and other work performed by the inventors, United States 
Patent No. 5.993,630 entitled "Method and Apparatus for Fractionation Using Conventional Dielectrophoresis and Field 
Flow Fractionation"; U.S. Patent No. 5,888,370 entitled "Method and Apparatus for Fractionation Using Generalized 
Dielectrophoresis and Field Flow Fractionation"; U.S. Patent No. 5,993,632 entitled "Method and Apparatus for Frac- 
tionation Using Generalized Dielectrophoresis and Field Flow Fractionation"; United States Application No. 09/249.955 
50 filed February 12, 1999 and entitled "Method and Apparatus for Programmable Fluidic Processing"; United States 
Application No.09/395,890 filed September 14, 1999 and entitled "Method and Apparatus for Fractionation Using Gen- 
eralized Dielectrophoresls-and Field FloW'Fractionation"; United States Provisional Application No^60/21-1 ,757 filed— • 
June 14, 2000 and entitled "Method and Apparatus for Combined Magnetophoretic and Dielectrophoretic Manipulation 
of Analyte Mixtures"; United States Provisional Application No. 60/211,515 filed June 14, 2000 and entitled "Dielectri- 
55 cally-Engineered Microparticles"; United States Provisional Application No. 60/211 ,51 6 filed June 14. 2000 and entitled 
"Apparatus and Method for Fluid Injection." 

[0009] Dielectric indexing represents a new approach to identifying individual molecular tests in a parallel molecular 
analysis scheme that substitutes dielectric Indexing of carrier beads for the spatial indexing used on a gene chip. This 
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new approach allows different subpopulations of beads, each carrying a probe of a different molecular marker, to be 
identified and manipulated within the canrier medium using a dielectric fingerprint unique to each bead/probe type. The 
need to Immobiiize different molecular probes in a tightly specified pattern on a fixed substrate as demanded, for 
example, by gene chip technology, is thereby eliminated. Mixtures of probes, each probe carried on a separately in- 
dexed bead type, may be injected into and flushed from a reusable assay system in order to examine any desired 
panel of molecular marl<ers. 

[001 0] The use of bead dielectric properties as an indexing parameter not only provides the capability of manipulating 
beads through dielectrophoresis or another suitable manipulation force, but also offers a new alternative to optical or 
fluorescent bead indexing methods that might interfere with low light emissions in fluorescent probe assays. 
[0011] Technology disclosed herein builds upon and synthesizes aspects of many disciplines including field-flow 
fractionation (physical chemistry), dielectrophoresis and magnetophoresis (physics), microfluidics (mechanical and 
fluid engineering), microfabrication (photolithography, MEMS and magnetic materials science), control electronics 
(electrical engineering), antibody and nucleic acid binding and linking (immunology and molecular biology), cell biology 
(cell culture and cytology), flow cytometry, and oncology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The following drawings form part of the present specification and are included by way of example and not 
limitafion to further demonstrate certain aspects of the present invention. The invention may be better understood by 
reference to one or more of these drawings, in which like references indicate similar elements, in combination with the 
detailed description of specific embodiments presented herein. 

FIG- 1 is graph showing different DEP crossover frequencies. It compares the crossover frequencies for nine 
human tumor cell types and normal peripheral blood mononuclear cells. 

FIGS. 2A-2D are pictures showing the removal of cultured breast cancer cells from blood by cDEP affinity trapping. 

FIG. 3 is a schematic illustrating some operating principles of cDEP/FFF fractionation. 

FIG. 4 is a chart summarizing DEP-FFF separation data for various cell types. 

FIG. 5 is a picture showing a spiral electrode anray that may be used to focus cells by twDER 

FIGS. 6A-6B are charts showing field/frequency bursting characteristics of (A) T-lymphocytes, and (B) MDA-MB- 
435 breast cancer cells. 

FIG. 7 is a graph showing magnetic field strength emerging from two opposing magnets. 

FIG. 8 is a fiow chart illustrating functional stages of a device for cell isolation and analysis. 

FIG. 9 is a schematic of an integrated fluidic system, including a prefilter stage, a separator stage, and an isolator 
and analysis stage. 

FIG. 10 is a schematic showing a short section of a DEP-MAP-FFF chamber. 

FIG. 1 1 is an end view of a magnetophoresis assembly. The magnets are SmCo or Nd FeB. The separation chamber 
sits in the magnetic flux gradient just above the sintered iron spheres. Sintered iron spheres may be replaced by 
iron wedges or filaments to produce different desired fiux gradient characteristics. 

FIG. 12 is a schematic of one embodiment of the integrated fluidic system, including a prefilter stage, a separator 
stage, and an isolator and analysis stage that includes a programmable fiuidic processor. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0013] The presently disclosed systems, methods and apparatuses provide many advantages (a few of which are 
the following). They permit for cell pre-filtering that may be used to separate tumor cells from peripheral blood mono- 
nuclear cells (PBMNCs). They allow for Dielectrophoretic-magnetophoretic field-flow fractionation (DEP-MAP-FFF), 
allowing for combined dielectrophoretic and immunomagnefic cell separation. They allow for the dielectric indexing of 
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beads, the linkage of antibody and oligonucleotide probes to bead surfaces, and for the simultaneous assays for two 
molecular markers using a mixture of two different bead/probe types. They allow for the quantification of the association 
of targets with the beads and identifications of the bead types by dielectric measurements using impedance sensing 
methods. They allow for DEP-MAP-FFF fractionation of cells according to their surface receptor concentrations. They 
5 allow for DEP focusing of samples using swept frequency traveling fields applied to spiral electrode arrays that can be 
used to concentrate isolated cell fractions to 109 cells/ml. They allow for the electro-mediated bursting of cells. They 
also allow for the mixtures of different bead/probe combinations to be used to perform parallel assays with dielectric 
indexing. 

[0014] Areas that may benefit from this technology include, but are not limited to: blood and urine assays, pathogen 
10 detection, pollution monitoring, water monitoring, fertilizer analysis, the detection of chemical and biological warfare 
agents, food pathogen detection, quality control and blending, massively parallel molecular biological protocols, genetic 
engineering, oncogene detection, and pharmaceutical development and testing. 

[0015] Because the present disclosure deals, in part, with the combination of a number of technologies that may be 
discussed separately, it is useful to begin the discussion with some theoretical underpinnings and considerations re- 
15 lating to some of the individual techniques disclosed herein. In the Examples section, discussion will focus more upon 
the combination of the techniques to form systems and apparatuses (and associated methodology) according to em- 
bodiments of this disclosure. 

[0016] Certain techniques of this disclosure use molecular recognition and sensing elements that are attached to 
bead carriers so that a new aliquot of sensitized beads can be used for each and every assay. By disposing of the 
20 beads afterwards, by running a "blank" between each sample, and by allowing for cleaning cycles, calibration issues 
can be addressed and the absence of carryover and cross-contamination can be verified. 

[0017] Placing biologically active components on beads also means that a single, fluidic device may be applied to 
a wide range of sample preparation and molecular analysis problems by using different bead/probe combinations. 
Finally, because no biological components need be attached to fixed surfaces within the device of one embodiment, 
25 those surfaces may be PTFE coated, for example, to reduce biomolecular adhesion and carryover issues. It follows 
that the use of beads enhances the potential applicability of the technology by allowing a single device to have multiple 
applications. 

[0018] Although molecular amplification techniques enjoy widespread use, methods such as PGR have drawbacks 
including sensitivities to hard-to-control factors that can render them only marginally quantitative. Furthermore, molec- 

30 ular amplification bathes the reaction surfaces with high concentrations of the molecules to be detected. The resultant 
carryover problem is so severe that all wetted surfaces in molecular amplification experiments are typically made 
disposable. For these reasons, this disclosure avoids direct molecular amplification steps in designing reusable devices 
and focuses on detecting small numbers of molecules trapped directly on beads. Nevertheless, having the benefit of 
this disclosure, those having skill in the art recognize that the bead-based indexing technology described here is also 

35 compatible with molecular amplification protocols should they be required. 

[0019] Any in-situ hybridization assay may be adapted to operate on the surface of a carrier bead including methods 
for detecting DNA, RNA and proteins. In this disclosure, the established body of hybridization and immuno-fluorescent 
molecular techniques may be used along with new methods for indexing bead carriers so that individual bead types 
within a complex mixture of bead types are identifiable, amenable to selective manipulation, and, if desired, to Isolation. 

^0 Assays using dielectrically-engineered beads require minimal quantities of sample. For example, a bead of about 5 
|im diameter has the relatively large surface area of approximately 78 ^im^ yet occupies a volume of only 65 fL, about 
1/15 that of a typical tumor cell. 100 tumor cells and 250 beads comprised of 10 different bead types may be packed 
into spherical region of 50 ^im diameter using DEP-medlated focusing. This is the equivalent of almost 10^ cells/ml 
held in contact with 2 x 10^ beads/ml carrying the molecular probes. The time for hybridization of target mRNA's to 

45 cDNA probes on magnetic bead surfaces has been shown to be just a few minutes in concentrated cell lysates; there- 
fore, the bead-based approach of this disclosure may enable rapid assays for molecular markers in an integrated 
system. 

[0020] The bead-based, dielectric indexing technology of this disclosure is not meant to replace large gene-chip 
array methods designed for massively parallel analysis of the expression of 10,000 or more genes. Those methods 

50 permit the identification, in the first place, of key markers of specific cellular events. Instead, this disclosure represents 
a technology In which a reduced panel of 10 or so key molecular markers may be selected from a library of available 
markers for the purpose of screening for specific subsets of suspected disease states. By combining sample preparation 
and molecular analysis into a single, automated process, this system allows the exploitation of gene-chip-derived 
molecular epidemiological data and renders it accessible to a wide population. 

55 [0021] This disclosure addresses the isolation of suspect cells from mixed cell suspensions and the manipulation of 
mixtures of dielectrically indexed beads, all in an integrated device. Achieving these steps ultimately depends upon 
ways of moving matter with respect to the solution that suspends it, a problem to which dielectrophoresis, or another 
suitable manipulation force, is ideally suited. 
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[0022] Dietectrophoresis (DEP) is the movement of a material or an object caused by a spatially non-uniform electrical 
field. Completely distinct from the well-known phenomenon of electrophoresis, DEP only arises when the object has 
a different tendency to become electrically polarized relative to Its surroundings. If the object is more polarizable than 
its surroundings, it will be pulled-towards higher field regions ("positive DEP"); conversely it will be repelled towards 

5 weak field regions ("negative DEP") if It is less polarizable. Positive DEP Is known to most of us as the attraction of 
uncharged bits of paper to a charged plastic comb. Magnetophoresis is the magnetic analog of dielectmphoresis, the 
collection of magnetically polarizable particles in a spatially non-uniform magnetic field. This force is responsible for 
the familiar collection of iron filings at the fringing fields at the edges of a magnetic pole. Far from being restricted to 
electrostatic fields, DEP also occurs in alternating (AC) fields even at optical frequencies. An example is when a laser 

10 tweezers is used to trap a cell having a higher refractive index (larger electronic polarizability) than its suspending 
medium at the high field gradient focal region of the laser beam. (There Is also a second, light pressure term in this 
extreme case). At lower frequencies DEP can be used to impose forces on cells that depend on their low-frequency 
spectral properties. Differences In these spectral properties can be exploited to impose different or even opposing 
forces on different cell types in a cell mixture. For techniques of this disclosure, relatively low frequencies may be used. 

15 from about 1 0 kHz to about 1 0 MHz, at which cell membrane and bead coafing properties dominate the particle dielectric 
properties. 

[0023] The essential characteristic ofDEP Is the movement of objects with respect to their suspending medium. For 
example, objects can be concentrated to a focal point by negative DEP and/or trapped by positive DEP. In addition, 
different particle types can be moved apart from one another in three dimensions under appropriate field conditions. 
20 These basic manipulations can be used to sort. Isolate, and trap cells and beads, and to change the reagents in which 
they are suspended. 

[0024] Of particular relevance to this disclosure is the extensive DEP work on normal and cancer cells in which the 
inventors and others have shown that different ceil types have distinct dielectrophoretic fingerprints and may be used 
(in accordance with embodiments disclosed herein) to characterize, manipulate, fractionate, Isolate, trap, and selec- 
25 lively burst them. 

[0025] Summarizing, DEP is a force that: 

1 . arises when a particle having dielectric properties distinct from its carrier medium Is subjected to a spatially non- 
uniform electrical field anywhere from DC to optical frequencies; 
30 2. in complete contrast to electrophoresis, completely ignores any net charge on the particle (this is a critical 

consideration when performing assays with highly charged biomolecules such as nucleic acids); 

3. can be used to trap, focus, fractionate and Isolate cells; 

4. depends specifically on the dielectric fingerprint of each cell type. In principle, DEP can be used to exploit any 
spectral differences between cells but this disclosure focuses on low frequency differences dominated by plasma 

35 membrane morphological characteristics; 

5. can be produced by an AC electrical field that typically has a frequency between 10 kHz and 1 MHz for cell 
Isolation experiments. No electrolysis occurs at these frequencies and cells are not damaged unless the field is 
deliberately increased above a high threshold magnitude to achieve controlled cell bursting; 

6. can be produced by an an-ay of micro electrodes that are inexpensive to fabricate according to methods known 
40 in the art; 

7. can be produced at AC frequencies even if the electrodes carry a thin coating ofPTFE or other Insulator; 

8. Is controlled via the frequency and/or voltage of the signal applied to the electrodes. The electronics are straight- 
forward, can be incorporated in a box the size of a pocket calculator, are inexpensive, and can be kept separate 
as is all known in the art so that DEP chambers may be disposable while the electronics are retained; 

45 9. is ideal for meso- and microfiuidic-scale applications because electrodes can line the fioor and/or walls of fiuidic 

channels and chambers; 

10. allows cells, beads, or other targets to be selectively manipulated within their carrier medium or held in place 
while a new carrier medium is washed over them. 

50 [0026] In one embodiment, high discrimination sample preparation of suspect tumor subpopulations is accomplished 
through a separation technique called hyperiayer field-fiow fractionation. The underiying principle is straightfonward: 

the-velocity of fluid flowing through a-flat channel-incr^ases-from zera at-the floor and ceiling 4o a maximum at the 

center. If different cell types are positioned at different characteristic heights above the channel floor then they will be 
carried at different velocities by the fluid and separated as the cell mixture travels through the channel. The different 

55 types can then be isolated and trapped as they emerge from the far end of the channel. Separation does not depend 
on the interaction of cells with any material other than the carrier fluid, reducing non-specific binding, carryover, and 
contamination effects that are inherent in chromatographic methods, for example. 

[0027] To position different cell types characteristically in the separation channel, one may balance dielectrophoretic 
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and gravitational forces on cells. Additionally, magnetophoretic forces may be used as well for positioning cells if de- 
sired. In this way. immunomagnetic labeling can be used as an additional feature to discriminate between different cell 
types. The DEP-MAP-FFF method is equally applicable to cells, which have their own intrinsic dielectric properties, 
and to beads that can act as molecular marker carriers. When a cell subpopulation has intrinsic dielectric differences 
5 that distinguish if from other cell types In a mixture, it Is not necessary to use magnetic labeling and the method may 
revert to a DEP-FFF scheme. 

[0028] The continuous MAP-sorting of Immunomagnetically labeled cells in a laminar flow profile subjected to a 
quadrupole magnetic field configuration has been demonstrated. While the sorting of cells according to surface receptor 
density was achieved, the method has the disadvantage that the MAP force is unbalanced. Consequently, separation 

10 is flow-rate dependent. Furthermore, heavily labeled cells may collide with the sides of the flow chamber only to become 
trapped or to suffer remixing with other cell types. The DEP-MAP-FFF design of the present disclosure, however, 
balances opposing DEP and MAP forces to place cells in equilibrium positions in the flow profile. In this way. the pitfalls 
of unbalanced forces, which are likely to be of even greater concern when sorting inherently inhomogeneous tumor 
cell subpopulatlons, may be avoided. 

15 [0029] In addition to ceil sorting, DEP may be used to prefilter cells when large numbers of cells need to be processed, 
to trap cells after they emerge from the DEP-MAP-FFF separator, to concentrate the cell isolates and beads, to lyse 
the cells, and to hold beads in place while reagents are changed in molecular analysis protocols. In this way, dielec- 
tmphoresis provides forthe ability to realize an automated device that will integrated a sample prefilter, a DEP-MAP-FFF 
separator, a cell fraction isolation and lysis stage, and a molecular analysis stage. 

20 

Sample Preconcentration. 



[0030] In one embodiment, a DEP-MAP-FFF system may take a sample of about 20 ^iL of cell suspension containing 
a maximum of 2 x 10^ cells when performing high resolution separations. A lower detection limit of 20 cancer cells in 

25 the molecular analysis stage requires an incidence of 1 or more cancer cells per 1000 normal cells. While this level of 
discrimination is adequate for biopsy samples of putatively tumorous tissue, in other applications, such as the detection 
of residual disease, of metastatic cells in bone marrow harvests, or of micrometastases in sentinel lymph nodes, the 
goal is to detect 1 tumor cell per 10^ or more normal nucleated cells. To provide 20 tumor cells for analysis in such 
applications, there is the need to sort > 2 x 1 0^ normal cells, a number that far exceeds the capacity of DEP-MAP-FFF 

30 separator stage because to achieve high discrimination this stage needs to operate at cell concentrations where cell- 
cell interactions are negligible. 

[0031] To sort high numbers of cells, a stage that will execute a DEP prefiltering step for suspect cancer cells may 
therefore be needed. While prefiltering does not provide a pure population of suspect ceils, it does provide a sample 
that is suitable forthe DEP-MAP-FFF stage of the device (which is explained and illustrated, in one embodiment, in 
35 the Examples section of this disclosure). In one embodiment, the prefilter may process -20 x 10^ cells and extract -2 
X 105 cells enriched in the suspect cell subpopulation. Those 2 x 10^ cells may then be routed to a high discrimination 
DEP-MAP-FFF separator stage. If the lower limit of molecular analysis in the last stage of the integrated device is 20 
cancer cells, then the integrated device may achieve a detection limit of 1 cancer cell per 10^ starting nucleated cells. 

40 Dielectrophoresis 

[0032] It has been shown that the DEP force acting on a particle due to an imposed electrical field, ^(co), can be 
written as 



45 



50 



0) 



where 



Wep.e^.(o)= P (2) 
55 ep((o)+2e^(<B) 

* * 

is the Clausius-Mossotti factor that embodies the frequency-dependent dielectric properties e ((o) and e (ay) of the 
particle and Its suspending medium, respectively, cd Is the angular frequency and E(rms) is the rrfis value of^e applied 
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electric field. E/q and (p/{i=x: y; z) are the magnitudes and phases, respectively, of the field components in the principal 
axis directions. Equation (1 ), which is sufficient for the present discussion, shows there are two independent force 
contributions to DEP motion: 

5 (i) A field inhomogeneity component: the left hand term depends on the real (in-phase, or capacitative) component 

Re{fQf^) of the induced dipole moment in the particle and the spatial nonuniformity, VE{rms)2, of the field magnitude. 
This force pushes particles towards strong or weak field regions, depending upon whether Re{fQf^) is positive or 
negative. This is the DEP force that allows cells to be attracted or repelled from electrode edges. It is the only DEP 
force component that can act when an electrode array is energized by single or dual phase signals. 

10 

(ii) A traveling field component: the right hand term depends on the imaginary (out-of-phase, or lossy) component 
lm(/c^) of the induced dipole moment and the spatial nonuniformity (Vcp^, Vcp^ and Vtp^) of the field phase. This 
force pushes the particle in the same or the opposite direction to which the field is traveling depending on the sign 
of tm(f^/|^). It allows cells to be swept along by an electric field that travels over an electrode array. At least three 
15 excitation phases must be provided for this force to arise. 

[0033] These force components act independently but, by appropriate electrode an^ay design, can be applied simul- 
taneously to levitate cells above an electrode array while moving them over it, for example. 

20 Cell Dielectric Properties 

[0034] At low frequencies cells exhibit negative DEP (repulsion from electrode tips) but at higher frequencies, above 
their so-called DEP crossover frequencies, they exhibit positive DEP (attraction towards electrode tips). Different cell 
types have differeht crossover frequencies. At frequencies between about 1(H and 3 x 10"* Hz breast cancer cells will 
25 experience positive DEP trapping while blood cells will experience negative DEP repulsion. These dielectric differences 
between the cancer and blood cell types can be used as a basis for cell identification, discrimination and separation. 
Cell sizes, cell compositions, and especially cell membrane morphologies all contribute to the dielectric differences 
between the cells; i.e. different cells have different dielectric phenotypes. 

[0035] The inventors have found that the dielectric phenotype of every transformed cell type they have examined is 
30 significantly different from that of a more normal cell of origin, or from the same cell type following induced differentiation. 
This results from greater cell surface morphological complexity and a correspondingly higher membrane capacitance 
in the transformed cell types. Furthermore, tumor cells are normally much larger that blood cells. The effect of these 
combined differences is that the dielectric properties of transformed cells differ very significantly from normal blood 
cells. Of particular relevance to this disclosure, the inventors have measured the DEP crossover frequencies of 9 
35 human cancers comprising 5 human breast cancer cell lines, an ascites sample taken from a patient with breast cancer, 
and two colon cancer cell lines. The DEP crossover frequencies of these cancer cell types suspended in solutions of 
100 mS/m conductivity are shown in FIG. 1 in comparison with data for normal peripheral blood mononuclear cell types. 
The tumor cells all exhibit much lower crossover frequencies. These differences may be exploited for isolating popu- 
lations of suspect cells from PBMNCs and lymph cell dispersions. 

40 

Prefiltering by DEP Trapping of Cells 

[0036] Exploitation of dielectric differences for cell separation may be accomplished in several ways. The simplest 
though least discriminating method is to apply a frequency that repels one cell type from one or more electrodes by 

45 negative DEP while attracting and trapping a different cell type by positive DEP. FIG. 2A shows a mixture of MDA-MB- 
231 human breast cancer cells and human peripheral blood. The larger breast cancer cells, about 12 ^.m in diameter, 
are readily identifiable. In FIG. 2B, a 2.5 x 10^ Hz AC signal has been applied between neighboring gold electrodes 
(dark patterns) and fluid flow has been started from left to right. The human breast cancer cells are attracted to the 
electrode tips and trapped (FIG 2B&C). Blood cells, on the other hand, are repelled from the electrodes and carried 

50 off by the fluid. They emerge downstream, where no cell mixture was loaded, free of cancer cells, (FIG. 2D). This DEP 
trapping approach works well when there are large differences in the dielectric properties of target cells and other cell 
— types in the -starting mixture:"For example,-the inventors have demonstrated that it is -possible to recover 100% of 
human breast tumor cells from PBMNCs even at the most dilute concentration tested in preliminary experiments, one 
tumor cell per 3 x 10^ PBMNCs. 

55 [0037] After flushing out the blood cells, tumor cells may be recovered by lowering the frequency below 10 kHz 
causing them to be repelled from the electrodes by negative DEP and released from the chamber. The inventors have 
found that some normal cells may be associated with the tumor cells during the trapping phase such that while recovery 
efficiency may be extremely good, purity may not be so good. It should be noted that at higher applied frequencies 
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(200kH2 or more) all viable cells have been found to become trapped by positive DEP regardless of type. Therefore, 
DEP may be used quite generally to immobilize cells within a stream of reagents without regard to cell type if required. 
[0038] In applications involving rare cancer cells, a prefilter system may be used having a surface area of about 
60cm2 over which suspensions of nucleated cells can be passed at the rate of about 3.6x1 0^ cells/min. This may be 
operated for about 6 minutes with suspensions of cells from lymph nodes and whole blood to screen 20 x 10^ nucleated 
cells for the presence of tumor cells. Suspect cells, at a purity of >0.1%, may then be passed for high discrimination 
separation by the DEP-MAP-FFF in and, after subsequent isolation, for downstream molecular analysis in the integrated 
device (discussed in more detail in the Examples section of this disclosure). 

DEP'FFF Separation 

[0039] To allow high discrimination separation of tumor cells from biopsy samples or from lymph node or blood cell 
samples prefiltered by DEP trapping, a fractionation method termed DEP-MAP-FFF may be used. Such a method may 
also use immunomagnetic capabilities when needed. Instead of trapping target cells. DEP-FFF uses parallel electrodes 
without castellated edges to levitate cells above the electrode plain using fringing fields. The strength and inhomoge- 
neity of the electrical field decreases with increasing height above the electrode plane and the DEP force on cells falls 
exponentially with height. If a frequency for which cells experience negative DEP is applied to the electrode an^ay, cells 
will be levitated to a height at which the repulsive DEP force balances the sedimentation force. Cells having differences 
in density and/or dielectric properties will therefore be levitated to characteristic heights as illustrated in FIG. 3. This 
equilibrium height is given by 



for a parallel electrode geometry, where U is the electrical potential applied to the electrode an-ay, A is a geometrical 
term, p is the proportion of the applied field unscreened by electrode polarization (p-1 at frequencies > 50 kHz), and 
(Pc"Pm)g the sedimentation force. 

[0040] To exploit this equilibrium levitation effect for cell fractionation, fluid flow is initiated in the channel. Fluid flows 
through the channel in a parabolic profile - slowest at the chamber top and bottom walls, and fastest in the middle (at 
about half height according to one embodiment). The velocity at height/?^, is given by 



where H is the chamber height and <v> is the mean fluid velocity. The fluid will then can7 cells at a velocity corresponding 
to their levitation height. Mixed cell types starting at one end of a long chamber will therefore be separated according 
to their dielectric and density properties. 

[0041] The family of techniques that exploits hydrodynamic flow profiles for separation is termed field-flow fraction- 
ation (FFF); hence the inventors tenn this method DEP-FFF. The discriminating power of DEP-FFF is extremely high 
in the frequency range where the cell dielectrophoretic force approaches zero (i.e. near the crossover frequencies 
shown in FIG. 1). Less discriminating power can be selected electrically by employing a lower frequency or by using 
modulated frequencies. 

[0042] The inventors have made several DEP-FFF separators ranging in size from about 45 cm x 2 cm to the size 
of a microscope slide (see section below concerning microfabrication). With the benefit of the present disclosure, those 
having skill in the art recognize that other sizes may be used as well. DEP-FFF separation normally take from 4 to 15 
minutes to complete, but this time may vary significantly depending on the size of the device and other parameters 
such as sample size. For different separation times for different cell types, under different experimental parameters, 

[0043] In one embodiment, a modified form of DEP-FFF may be employed in which an additional vertical force com- 
ponent is added that depends on immunomagnetic labeling of the cells. This may address potential concerns that some 
tumor cell types might not have intrinsic dielectric properties like those shown in FIG. 1 that permit their separation 
from normal cells by DEP-FFF alone. The inventors feel that exploitation of cell intrinsic properties, when possible, 
may be more desirable than requiring a labeling step; therefore, they have designed DEP-MAP-FFF separators so that 
exploitation of immunomagnetic labeling is an available, though non-essential, option: in the absence of immunomag- 




(3) 




(4) 
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10 



netic labeling, the device may function as a DEP-FFF separator that can discriminate cells by dielectric properties alone. 
Magitetophoresis (MAP) 

[0044] A particle of volume v and magnetic permeability \ip subjected to an inhomogeneous magnetic field will ex- 
perience a MAP force that is the magnetic analog of the DEP force given in equation (1) 

^ =2^9<, r^k^{/iiy,,e>„^-^B (5) 



Here, ^i^ and \ip s\re {he magnetic permeability of the suspending medium and particle, respectively, R Is the particle 
radius and, k^fj^iii ,ix ,co^) is the Magnetic Clausius-Mossotti factor describing the magnetic polarizability of the particle 
with respect to its^su&pending medium. In the static fields typically used for MAP cell sorting, o)^, the frequency of the 

15 applied magnetic field, has the value 0 and and \ip become static magnetic permeability parameters. Furthermore, 
the magnetic permeability of the aqueous suspension in an immunomagnetic labeling experiment can be approximated 
as that of free space and the net polarizability of a labeled cell can be assumed to result from the combined effect of 
n identical labels that are bound to it. Finally, for a fixed geometry, the magnetic field gradient may be written as a 
geometry term Gf^^p times the applied magnetic field strength, Bq. Hence, in a biological labeling experiment we may 

20 simplify the MAP force equation to 

Fmap = ncp GmapBI (6) 

25 where (p is a constant for a given magnetic label type. This is the fundamental equation that determines magnetic 
capture of cells in MACS; however, the goal of the present disclosure is not to magnetically trap cells. By appropriate 
design of the magnetic elements that create the magnetic field and its inhomogeneity characteristics embodied in 
Gf^Ap, a MAP force may be provided that is essentially constant throughout a separation chamber and directed towards 
the chamber floor. 

30 [0045] We indicated earlier that the DEP force above a parallel electrode array falls off exponentially with height h 
as F£5£p= pQ^pQe'^^^DEP^ When the electrical field conditions are chosen to provide repulsive DEP, as in DEP-FFF, the 
MAP force will pull an immunomagnetically labeled cell toward the electrode plane until the sum of the downward MAP 
and sedimentation forces are balanced by the levitating DEP force. Writing the electrical field gradient in terms of an 
electrode geometry term Gq^p and the applied RMS voltage Vq applied to the electrode array, the balance of forces 

35 that determines the particle equilibrium height will be given by eq. 7 below: 

40 

where m/g^g; is the mass of each immunomagnetic label. If the magnetic labeling is negligible (n->0), this equation 
reduces to that given earlier for plain DEP-FFF. On the other hand, if magnetic labeling dominates the downward force 
then the decrease in h becomes approximately proportional to the logarithm of the number n of magnetic labels attached 
to the cell. Since in this context "dominate" means to provide a MAP force significantly in excess of the small cell 
45 sedimentation force, it will be appreciated that much smaller magnetic forces are needed in DEP-MAP-FFF than for 
magnetic trapping against a flow stream as used in MACS. 

[0046] Note also that Vq can always be chosen to ensure that no cells are pulled all the way to the chamber floor. 
Because, according to one embodiment, cells are separated in a FFF scheme according to their characteristic heights 
h in the fluid flow profile, one may separate them according to the extent of immunomagnetic labeling and, as is familiar 
50 in fluorescently-activated cell sorting (FAGS), the logarithmic relationship may be very convenient for ensuring a good 
dynamic range when sorting different classes of cells. Therefore, when needed, MAP provides an ideal additional level 
of discrimination for sorting suspect-tumor cell-subpopulations by, for-example, epithelial surface markers or receptors 
such as for EGF. 

55 DEP'Mediated Cell Focusing 



[0047] Cells can be manipulated simultaneously by DEP, which attracts or repels them from electrode edges, and 
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twDEP, which transports them parallel to the plane of the electrodes. A spiral electrode configuration may be used to 
exploit these effects simultaneously for concentrating cells and achieving electrically stimulated cell lysis. The spiral 
array in one embodiment Includes four parallel electrode elements that are energized by signals of the same frequency 
but phases of 0^, 90'', 1 80°, and 270° to create a concentric traveling field that sweeps towards the center of the spiral. 
5 Excitation by phases 0°, 270°, 180°, and 90° results in a field that sweeps outward towards the periphery of the spiral. 
Signals of 0°, 1 80° , 0° , and 1 80° phases produce a stationary field pattern that can be used for DEP trapping, levltation, 
or, at very high field strengths, cell bursting, 

[0048] An example of cell trapping and focusing is shown in FIG. 5 where HL-60 human promyelytic leukemia cells 
have been focused from a scattered state to the center of a spiral in about 15 seconds. In one embodiment, the spiral 

10 arms of the electrode array may be extended until they almost touch at the center of the spiral allowing greatly increased 
cell concentrations to be achieved. The inventors have applied this technique to trap and focus murine erythroleukemia 
and human breast cancer cell lines from a flow stream, and separate breast and leukemia cells from blood cells. Also 
the inventors have successfully separated erythrocytes parasitized by the malarial agent Plasmodium falciparum from 
their uninfected counterparts with this technique. 

15 [0049] In one embodiment, five spiral array segments may be used to trap cell subpopulations as they emerge at 
different times from a DEP-MAP-FFF separator stage of an integrated device. By injecting assay beads into the stream 
of cells as they emerge from the separator and before they are trapped, and by then applying a swept field to the spiral 
electrodes, cells and beads may be focused to the center concurrently to form a highly concentrated mixture. 

20 Electro-Mediated Lysis of Cells 

[0050] Once a target cell population has been successfully isolated, subsequent molecular analyses normally require 
that the cells be disrupted to release intracellular proteins, RNA, and DNA. Approaches to this include exposure to 
detergents or other lysing reagents. Although these methods can be used in systems and devices disclosed herein, 
25 cells may be lysed electrically using large AC electrical fields. DEP manipulations typically involve local electrical fields 
less than 10^ V/m and the inventors have shown that cells can sustain prolonged (40 minutes and longer) exposure 
to such fields without loss of viability or activity. Depending on the electrode geometry, voltages of the order of 1 V 
RMS are used to achieve this. 

[0051] However, higher AC voltages may be applied to create fields that can burst cells. Depending on the cell type. 

30 at about 5x10^ V/m, temporary membrane electropermeabilization occurs, and this can be used to load reagents into 
cells. Above about 2 x 10^ V/m, instantaneous destruction of the cell membranes occurs. The inventors have found 
that different cell types have characteristically different susceptibilities to destnjcfion. FIG. 6A illustrates the field In- 
tensity vs. frequency dependency for the disruption of human T-lymphocytes and FIG. 6B shows results for human 
MDA-MB-435 breast cancer cells. Clearly the cells burst in characteristic, and distinct, frequency and field ranges. A 

35 useful feature is the ability to select electrically whether to reversibly permeabilize or totally disrupt all, or select sub- 
populations, of cells that have been trapped on an Isolafion electrode. 

[0052] In one embodiment, electro-mediated cell lysis may be utilized at the center of the spiral isolation segments 
to release molecular species from target cells Into the immediate vicinity of the assay beads mixed and concentrated 
with them. 

40 

Microfabricatior) 

[0053] Electrode arrays for use in, for instance, a separation according to embodiments of the present disclosure 
may be made by microlithography as is known in the art. The Inventors have built DEP chambers and separators over 

45 a wide range of sizes from about 200 ^im - 45 cm with capacities of 10 p.L to 4 mL. The use of silicon and glass and 
micromachining methods may be used for cases where integrated electronics and sensor capabilities are required that 
other fabrication methods cannot provide. In other cases, a combination of flat glass and injection-molded polymers 
may be used to fabricate the devices disclosed herein by methods known in the art. Small devices may be made by 
silicon and glass micromachining, and can be reproduced by single layer lithography on a flat glass substrate (for the 

50 electrodes) with all fluidic channels molded into a clear polydimethylsiloxane (PDMS) top. Molding PDMS has been 
suggested as a much more cost effective approach than micromachining glass and silicon; it comes as a clear liquid 
— that-ean-be cast or-lnjected into a mold.--Device&of the present-dlsclosupe-may be designed to handle not-only small- 
(about 20 ^L) samples but also larger volumes (~ 10 mL or more). To accomplish this, a microfluidic front-end is clearly 
unsuitable because it would be unable to process large samples at reasonable rates. In one embodiment, the sample 

55 may be enriched as it passes through the device and to simultaneously reduce Its volume. In this way a microfluidic 
stage, with its advantages of small sample requirements and rapid processing capabilities, may be seamlessly Inter- 
faced to the macroscopic world to complete the molecular analysis. 
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Magnetic Field Generation 

[0054] The MAP force to be used in conjunction with DEP-FFF requires a magnet having rather unusual properties, 
namely the product of the magnetic field strength and its Inhomogeneity need to be effectively constant over the entire 

5 length of the separator. To achieve this, one may use several flat magnets of SnCo or NdFeB materials placed a parallel 
configuration in an opposing pole orientation. FIG. 7 shows two magnets in this configuration. The field lines experience 
compression in the space between the opposing poles and emerge in a relatively homogeneous distribution. Controlled 
Inhomogeneity In the field may be created by using a composite material made of sintered Iron spheres in the field path. 
[0055] The field strength and homogeneity (in the absence of the sintered Iron elements) has been tested for two 6 

10 mm thick SnCo magnets having 25 mm x 25 mm pole faces and a "free field" of 0.22 T in air. The field of the opposing 
pole configuration was measured with a directional Hall probe. Field strengths in excess of 0.4 T were measured (FIG. 
7) for pole spacings of 4 mm or less and the horizontal field component was below 5%. Based upon the inventors' 
measurements of the magnetic fields used in small MACS separators, these intensities are more than sufficient to 
achieve magnetic positioning of Immunomagnetically-labeled cells in DEP-MAP-FFF. 

15 [0056] The following examples are included not for limitation but, rather, to demonstrate specific embodiments of the 
invention. It should be appreciated by those of skill in the art that the techniques disclosed in the examples which follow 
represent techniques discovered by the inventors to function well in the practice of the Invention, and thus can be 
considered to constitute specific modes for its practice. However, those of skill In the art should, In light of the present 
disclosure, appreciate that many changes can be made in the specific embodiments which are disclosed and still obtain 

20 a like or similar result without departing from the spirit and scope of the invention. 

Example 1 • Design Issues 

[0057] In one embodiment, the present disclosure is directed to an integrated fluidic device able to sort, isolate and 
25 burst target cells from clinically relevant samples and to execute molecular marker assays on them rapidly and auto- 
matically. FIG. 8 shows a functional block diagram of a complete integrated device and FIG. 9 shows a design for the 
system. 

Prefilter 

30 

[0058] FIG. 9 shows the design of the prefilter and DEP-MAP-FFF cell fractionation stages of the device. The prefilter 
is essentially a scaled-up version of a DEP cell trapping device. Its purpose is to cope with the huge numbers of cells 
that need to be sorted in rare cell detection applications. It is aimed at capturing all cancer suspect cells even at the 
expense of retaining some normal cells. The scaled-up prefilter is designed, in one embodiment, to process a sample 
35 of <10 ml volume containing < 2 x 10^ cells In < 10 minutes at a maximum rate of 3.6 x lO^cells per minute. It is designed 
to extract from that sample suspect cells that will be passed to the second, high discrimination cell fractionation stage 
(discussed below). 

[0059] Samples may be exemplified by peripheral blood from which erythrocytes have been lysed, dispersions of 
lymph node tissue, or dispersed biopsy cells. To achieve sorting in <1 0 minutes, the prefilter may sort <1000 ^iL of cell 

40 suspension per minute. This may be accomplished by a DEP trapping array lining the floor of a chamber 20 mm wide, 
400 ^im high and 30cm long. These dimensions ensure that (1) suspect cancer cells in the mixture are guaranteed 
sufficient time when traversing the chamber to sediment close enough to the DEP electrode array to be trapped by an 
applied 50 kHz field while normal blood cells are repelled; (2) hydrodynamic forces experienced by trapped ceils remain 
sufficiently weak not to dislodge them from the electrode array: and . (3) cell density remains sufficiently low that suspect 

45 cells are not knocked away from electrodes by collisions with an over-abundance of other cells. 

[0060] After processing the starting suspension, clean eluate may be passed through the prefilter at about 400 \i\J 
min to wash away remaining untrapped cells. During this rinsing phase, the DEP prefilter trapping electrode may be 
de-energized while the secondary trapping stage remains energized. Suspect cells in the prefilter stage may be re- 
leased and carried to the secondary trap. This consolidation of trapped cells is made possible by the removal of the 

50 large concentration of normal cells from the system. Throughout these eariy phases, emerging eluate may be sent to 
waste. 

[0061] After-the consolidation steprthe secondapy-trapping stage-may contain the-suspect cancer celis together with — 

some entrapped blood cells. Based on the inventors' experience, this stage is expected to collect a total of no more 
than 2 x 1 0^ "suspect" cells at this stage. The suspect cells may include a limited number of monocytes, some mac- 

55 rophages, and any other large circulating cells including all of the true cancer cells. This number of cells is Ideal for 
high discrimination sorting by DEP-MAP-FFF because the cell density has been sufficiently reduced for cell-cell inter- 
actions to be ignored. A major advantage of the prefilter design is its relative tolerance of such cell-cell interactions. 
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Magnetic Antibody Labeling 

[0062] The cells In the secondary trapping stage may be incubated with magnetically labeled antibodies if MAP 
separation is to be utilized in the next step of cell isolation. Also, fluorescent antibodies, appropriate for surface marker 
detection much further downstream in the device, may be added at this point. To accomplish labeling, antibodies may 
be injected into the port provided for this purpose while the cells are held in place on the electrode by DEP forces from 
a field of, in embodiment, about 250 kHz. Once fluid flow has stopped, a DEP field of about 3 V peak-peak may be 
alternated between about 10 kHz and about 250 kHz at about 10 second Intervals to alternately levitate and trap the 
cells, gently stirring them with the antibodies. Following incubation, the DEP field may be switched to about 250 kHz 
to trap the cells while the antibodies are washed away and the cells are rinsed with fresh buffer. 

DEP'MAP-FFF Injection 

[0063] Following the optional antibody-labeling steps, a 0.5 V, 10 kHz signal may be applied to release the suspect 
cells from the secondary trapping electrode without levitating them. Fluid flow may be Initiated in the prefilter stage 
and the cells may be flushed into the DEP-MAP-FFF stage via the fluid splitter. Because of the dimensions of the 
chambers and the splitter position, the suspect cells may be carried Into the DEP-MAP-FFF stage in 20 \iL of eluate. 
A syringe pump at the end of the DEP-MAP-FFF stage may be used to control the sample flow. 
[0064] In applications such as analysis of fine needle aspiration biopsy samples, the starting cell count may be about 
2 X 105 cells or less, and the prefiltering step becomes superfluous because the DEP-MAP-FFF fractionator can handle 
such small samples without undesirable cell-cell interactions. Such samples may be injected into the preconcentrated 
sample loading port at the concentrator injection stage for the optional antibody labeling steps and thence directly into 
the DEP-MAP-FFF sorter. 

DEP'MAP'FFF Fractionation 

[0065] During and after injection of the cell sample from the prefilter stage, the DEP electrode an^ay in the 
DEP-MAP-FFF separator stage may be energized with a frequency appropriate for separation, typically in the 20-80 
kHz range. With flow stopped, cells may be allowed sufficient time to reach equilibrium heights at which the magnetic, 
DEP and gravitational force fields acting on them are balanced. Based on DEP-FFF experiments this so-called relax- 
ation time need not exceed five minutes. Following relaxation, fiuid fiow through the DEP-MAP-FFF stage may be 
initiated and cells may be carried through the chamber at characteristic velocities in accordance with their positions in 
the parabolic flow profile controlled by the balance of DEP, MAP and gravitational forces. Based on DEP-FFF experi- 
ments, this separation step should take, in one embodiment, 12 minutes or less. 

Trapping of Cell Fractions 

[0066] As at the interface of the prefilter and DEP-MAP-FFF stages, a split flow may be used between the 
DEP-MAP-FFF stage and the isolator and analysis stage so that only flow close to the bottom of the separator, in which 
cells may emerge, is passed through. The remaining eluate may be extracted from above and sent to waste. A controlled 
flow of analysis beads may be injected into the flow stream as it emerges from the DEP-MAP-FFF separator and enters 
the isolation and analysis stage. This may mix analysis beads with the emerging cell fractions. 
[0067] The cell isolation stage may be divided into 5 separate electrode array segments, each capable of trapping 
and concentrating a separate fraction of cells that emerges from the separator. Before any cells have emerged, a non- 
traveling 10kHz field may energize the first 4 segments of the isolation stage. This may levitate both cells and beads 
by negative DEP and prevent them from settling on those segments. However, the fifth segment may energized at 500 
kHz, a frequency at which all cell types and the beads may become trapped. Therefore, the first cells to emerge, and 
the beads mixed with them, may be carried across the first 4 segments and be trapped on the fifth by positive DEP. 
After an appropriate time span to isolate the first fraction of cells on the fifth segment, the 4th segment of the trap may 
be energized at 500 kHz so that cells emerging subsequently may be trapped there together with the beads that were 
mixed with them. At appropriate time intervals, the 3rd, then the 2nd, and finally the l^t trap may be similariy energized 
at 500-kHz.-After-Gompletion-of4his process 5-different^Gell fractions may have been isolated.and-trapped.-each con- 
taining cells that emerged from MAG-DEP-FFF separation between different time limits together with beads that were 
mixed with them. Although here described with respect to five segments, those having skill in the art recognize that 
any number of segments may be used. 

[0068] Based on the inventors' knowledge of DEP-FFF and predictions about MAG-DEP-FFF, cells combining the 
smallest sizes, most uncomplicated surface morphologies and lowest concentrations of magnefically-iabeled surface 
mariners may emerge eariy and be trapped in segment 5. Conversely, cells combining large size, complex surface 
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morphology and high concentrations of surface markers may emerge last and be trapped in segment 1 . 
Histological Analysis of Cell Isolates 

5 [0069] Optionally, the cells trapped in the different segments of the isolation and analysis stage may be treated with 
antibodies or stains by injecting these through the reagent port provided for this purpose. So long as the histological 
reagents do not affect cell viability, the cells may be held in place by positive DEP during perfusion and treatment. 
Several staining steps can be used and excess reagents or antibodies washed away, as needed. Glass and/or clear 
PDMS may be used for constructing the separation chambers. Therefore, after staining, cells isolated in the five seg- 

10 ments may be compared and contrasted in situ by optical and/or fluorescence microscopy by a pathologist. If desired, 
additional reagents for the next step of cell analysis may be added at this point. 

Focusing! Concentration 

15 [0070] Having trapped cells and beads on the five segments of the isolator stage, optionally examined them with 
histological stains, and perfused them with the reagents needed for the next step in analysis, the cells may be focused 
to form a dense mixture with the beads. To accomplish this, the spiral electrodes in all five segments of the isolation 
stage may be energized with a four-phase field swept in frequency from 10 kHz to 200 kHz to provide a twDEP force 
directed towards the center of each of the five spirals. Because of the established dielectric properties of mammalian 

20 cells and the customized dielectric properties of the beads, this may sweep cells and beads of all types towards the 
center of the spiral on which they were originally trapped. It is believed that this process should take no more than 1 
minute and should result In a dense conglomeration of cells and beads at the center of each spiral. In this way, each 
isolated fraction may be concentrated to a density of -10^ cells/ml together with -IC^ beads/ml suspended in the 
reagent mixture that was perfused prior to focussing. 

25 

Cell Bursting 

[0071] Once the cells and beads are concentrated, electro-mediated lysis of the cells can occur. This may be achieved 
by applying a strong AC voltage to the spiral electrode (e.g. 1 5 V peak to peak). Those having skill in the art recognize, 
30 however, that any other voltage suitable to cause bursting may be used. 

Molecular Analysis 

[0072] The liberation of intracellular components following cell lysis may allow their reaction with the perfused rea- 
35 gents and their interaction with the surfaces of beads (if present). Based on experiments reported in the literature for 
the hybridization of rare mRNA's in concentrated cell lysates with probes carried on beads, these reactions occur very 
rapidly, typically within a few minutes. 

Detection 

40 

[0073] After an incubation time of 1 5 minutes, the target mRNA's should have hybridized with complimentary probes 
on beads. The spiral electrode segments may be energized with a 500 kHz non-travelling field to trap the beads at this 
point. Cell debris is not attracted by positive DEP and may be washed away from the beads. Indeed, relatively harsh 
reagents can be added to clean up the beads at this point providing those do not degrade the mRNA's bound to different 

45 bead types or damage the beads. After washing the beads free of debris and unhybridized molecules, the beads may 
be perfused with secondary fluorescent probes for target mRNA sequences. In this way, target sequences on the bead 
surfaces may be fluorescently labeled. Following additional washing steps to remove unbound secondary labels, the 
spiral electrodes may be energized with a 10 kHz signal to release the beads. At this point, eluate flow may be com- 
menced through one spiral segment after another and the beads may be examined as they pass through the proximal 

50 impedance sensors. 

[0074] Simultaneous fluorescence analysis may be used to quantify the amount of mRNA secondary label bound to 

each-beadrand the-AC impedance characteristics may be-used to identify each bead/probe-combination (and hence -- - 

index the mixed assays). This process should take about 15 minutes. 

55 Total Analysis Time 



[0075] If all steps shown above were to be undertaken, the entire analysis from start to finish may take about 2 hours. 
This would include prefiltering cells from a starting mixture with a detection limit that should approach 1 cancer cell per 
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10® normal cells; isolating tumor cells based on their dielectric properties and, optionally, surface immunomagnetic 
markers; histological analysis of the cells in comparison with other isolates; and molecular analysis for up to 1 0 different 
mRNA's. 

[0076] Alternatively, if immunomagnetic markers and histology steps were omitted, the cell sorting, isolation, and 
5 molecular analysis would take about 45 minutes from start to finish. 

Example 2 - Fabrication issues 

Fabrication of Electrodes 

10 

[0077] Electrode arrays may be fabricated using standard microphotolithographic techniques. Briefly, one may start 
with a clean glass substrate coated with 70A titanium and 1000A gold. Coating to NNN-S-450 specification may be 
done either commercially by Thin Film Technology, Inc., and guaranteed to be of uniform deposition, pinhole-free quality 
and able to withstand 10,000 psi lifting force, or using sputtering. The resulting gold blanks (up to 125 mm x 125 mm 

15 in size) may be spin coated with Shipley photoresist which Is exposed to UV light through a mask using a mask aligner 
(AB Manufacturing. San Jose). The resulting pattern is developed and inspected and the gold and titanium layers are 
then etched in two steps with KI/I2 and hot HCI, respectively. Masks are designed by an IC CAD layout package (Design 
Workshop). Masks are either made commercially by the e-beam method (masks up to 6" x 6" and features down to 
<1^m) or else produced by photographically reducing a 10 x version of the mask printed on, for instance, a Hewlett- 

20 Packard DesignJet 2500CP printer at 600 dpi (final mask size up to 4.8" x 4.8** and features down to 4^ m). 

[0078] To prevent cell sticking, electrodes may be silanized to produce a hydrophobic coating or else coated with 
TEFLON. Silanization is routinely accomplished with SigmaCote. TEFLON coating is accomplished by solvent depo- 
sition from a fiuomcarbon carrier and subsequent baking onto silanized electrodes or by sputtering (in collaboration 
with the Stanford Microfabrication Laboratory). 

25 

Device structural ^brication 

[0079] The glass substrate of the electrode array constitutes the lower wall of the device. Two approaches may be 
taken to construct device tops. In the first, the top wall consists of 4 mm glass into which holes are drilled for inlet and 

30 outlet port connections using a triple-tipped diamond drill. PEEK or TEFLON tubes are glued into the holes and cut off 
flush on what may become the inside surface of the device to form fluid Interconnects. The two facing walls of the 
device are either sealed along their long edges with UV-curing epoxy glue, held in place by multiple small plastic 
clamps, or clamped by a single metal frame machined for the purpose. Fluid flow paths inside the device are defined 
in this construction method by a gasket of between 50 and 400 fim thickness, as required, having a slot cut wherever 

35 fluid flow is desired. The inventors have successfully used gaskets of PTFE, Gore-Tex, RTV and PDMS polymers. This 
method is adequate for simple flow paths but for the more complex flow paths in the integrated microffuidic component 
required for the multiple-segment spiral isolation and impedance sensing stage, a method using injection molded seals 
may be used. Seals may be made for this purpose In a separate mold and then sandwiched between a plain top and 
bottom as described above or the top of the device may be machined from Lucite and have seals injection molded 

40 directly into it. In this case the seals are made to extend above the surface of the top plate by a distance equal to the 
desired channel thickness. Simply pressing the device top plate against the device bottom then forms the required flow 
path and this allows for easy disassembly and cleaning without damaging a gasket. The molding material used to form 
the seals is PDMS, a resilient polymer that is durable, biologically inert, sufficiently compressible to fonii a good seal 
against fluids even with limited compression force, and transparent. In order to realize complex seal patterns, the 

45 inventors use a small Sheriine CNC milling machine that operates directly from a CAD layout. In this way, flow paths 
that are mathematically defined can be cut directly Into device top blanks under computer control. This allows well- 
defined, smooth fluldic pathways to be fabricated quickly and reproduced easily. 

Fluid flow control 

50 

[0080] Fluid flow may be controlled by digital syringe pumps (KD scientific, Boston, Mass) each capable of holding 

two-syringes of different-barrel sizes.-The-inventors have found-that-the useful'flow-rate f^^ - 

which there is an effective absence of pulsations due to stepper motor action) extends over 7 decades from 0.01 
min to 70.57 ml/min. For the fully Integrated system as many as four pumps may be needed to allow automated sample 
55 control in the DEP prefilter, DEP-MAP-FFF.stage and isolator. The pumps can be daisy-chained for convenient serial 
control by computer or manually controlled. Flow valves may be needed to control some waste and outlet lines. These 
can all be mounted off the fiuidic device. Low dead volume valves from Lee may be used for these fluid control needs. 
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Conductivity measurements 

[0081] Conductivity measurements of suspending medium solutions may be made with a Cole-Parmer 19101-00 
electronic conductivity meter using either a flow-through or dip electrode cell with platinum black coated platinum elec- 
5 trodes, - 

Microscopy 

[0082] Devices under test may be mounted on the stage of a Zeiss Axiovert S-100 inverted microscope (magnification 
10 X5 - X600) equipped with video recording and image analysis capabilities. This allows direct observation of any section 
of the transparent-walled devices and permits manual or automated visualization of cells. The microscope Is equipped 
with epifluorescence and a sensitive three color CCD camera that is used for fluorescence microscopy. By quantifying 
the signal with software, fluorescence of molecular probes may be accomplished. For detection of molecular probe 
fluorescence signals, the inventors have an Oriel MS257 high sensitivity fiber optic tuneable dye laser spectrometer 
15 system and a Zeis Axiovert 405M inverted microscope equipped with a Photometries CH210 liquid nitrogen cooled 
photon-counting camera. 

Electrical signals 

20 [0083] Electrical fields for DEP/FFF and DEP trapping may be provided from 2 Hewlett-Packard 33120 signal gen- 
erators (up to 15 V peak-peak, frequencies up to 50 MHz) with FM and AM sweeping capabilities. For twDEP focusing 
on the spiral electrode, four sine signals in quadrature are required and a digitally synthesized source based on a 
quadrature-phase numerically controlled oscillator chip may be used. This may be interfaced to a computer to provide 
quadrature signals up to 12 MHz and up to 12 V peak-peak with modulation characteristics that can be software con- 

25 trolled. Signals may be monitored with a Tektronix 200 MHz.digital oscilloscope. 

Magnetic fields 

[0084] An important task in developing the DEP-MAP-FFF method is designing magnetic components to provide 
30 field distributions that achieve an appropriate distribution of 6V.S throughout the separation chamber. The design for 
the magnet system is shown in FIGS. 10 and 11. This arrangement of magnetic pole pieces may allow the field to be 
produced over the large area needed for a full sized DEP-MAP-FFF separator. Parallel SmCo or NdFB permanent 
magnets (e.g., 0.5 Tesia) may be usedjto provide fields closer to 1 Tesla. The field enhancement may be accomplished 
by exploiting boundary conditions on B and H at the iron surface. The enhancement is controlled by the shape of the 
35 Fe component and. in particular, by the size of the effective pole face. Field inhomogeneity may be controlled by the 
sintered iron particles underneath the DEP-MAP-FFF separation channel. In fact, principles used for creating MAP 
forces in the DEP-MAP-FFF separator are the same as used in existing MACS separators. However, the iron field 
enhancer and shapers may rely upon a well-defined microgeometry rather than the random geometries used in present 
day MACS separators. It should be borne in mind that the MAP forces needed to control the height of cells In a flow 
40 stream are about an order of magnitude less than those needed to trap cells In a column against hydrodynamic forces. 
For this reason the inventors believe that SmCo or NdFB magnets may be adequate. 

[0085] Magnetic simulations may be undertaken while magnets are being built and tested using directional Hall 
probes to ascertain the field strengths and spatial inhomogeneity properties. In this way, design, simulation, construc- 
tion, testing and refinement steps may go hand-ln-hand to produce magnets suitable for the MAP requirements of this 
45 project. 

Computer simulations 

[0086] The distribution of the electrical and magnetic fields within the fluid between the chamber walls determines 
50 the DEP and MAP forces experienced by cells. Although the inventors' early electric field calculations were performed 

by the charge density method, implemented by FORTRAN, more recently the Inventors have used the ANSYS multi- 
physics finite element ana^ysls package to compute-field distributions-and- have-used the post-processing capabilities- 

ofMATLAB to derive the corresponding DEP force distributions. 

[0087] DEP electrode geometries known in the art may be used. To achieve optimal 8V.S distributions for DEP-MAP 
55 force balance, however, one may need to use the ANSYS package to do simulations as a function of the size, shape 
and placement of the magnets, the iron field concentrator, and the sintered iron components. The ANSYS package 
allows simultaneous electrical and magnetic computations so that it is ideal for modeling the behavior of the DEP-MAP 
force balance properties of various geometries. 



Best Available C^oW328 803 B1 



[0088] Finally, the ANSYS package also allows modeling of hydrodynamic characteristics of flow channels and the 
inventors plan to model the behavior of the fluid and cells as they pass though the integrated device, particularly in the 
fluid inlet and egress regions. This may be important in the interface regions between stages of the system to ensure 
the design allows efficient sample transport without "dead" spaces in which cells may settle. 

5 

DEP trapping 

[0089] Where needed, a 500 kHz field at 5 V p-p may be used to trap cells by DEP. This frequency is sufficiently 
high to penetrate the cell membranes efficiently without causing damage and induces a strong DEP body force on the 

10 cells, trapping them efficiently against fluid flow. DEP trapping may be used in four ways within the integrated system: 
(1) for cells being concentrated in the second segment of the prefilter following elution of normal cells and for small 
samples injected directly before the DEP-MAP-FFF stage; (2) for cell subpopulations that are isolated in the spiral 
electrode segments after elution from the DEP-MAP-FFF stage; and. (3) for holding cells in place during reagent per- 
fusion at several steps in processing; (4) for holding beads in place for reagent perfusion following cell lysis and hy- 

15 bridlzation steps. 

DEP-MAP-FFF separation 

[0090] Based on the inventors* experience with DEP-FFF, up to 2 x 10^ cells can be analyzed without cell concen- 
20 tration becoming so large as to cause perturbing cell-cell interactions in the size of DEP-MAP-FFF fractionator chosen 
here. For samples expected to have a high concentration of suspect cells, such as dispersed cells from biopsies of 
suspected tumors or fine needle aspiration biopsies, 2 x 10^ cells are sufficient to ensure that tumor cells, if present, 
may be sufficient for molecular analysis. In such cases, up to 20 \iL of cell suspension may be Injected via the precon- 
centrated sample loading port. For samples in which the concentration of suspect cells is expected to be so low that 
25 there is unlikely to be sufficient suspect cells in a 2 x 10^ cell sample, prefiltering may be necessary. Samples such as 
peripheral blood mononuclear cells or dispersed lymph node cell populations fall into this category. 
[0091] Following injection of a 20 ^iL sample or prefiltering, as appropriate, the secondary trapping electrode may 
be energized at 250 kHz frequency and 5 V p-p. All cell types may be trapped from the flow stream by DEP on the 
electrode in the entrance region of the DEP-MAP-FFF separator stage. Sample injection into the DEP-MAP-FFF stage 
30 may now occur with an appropriate DEP levitation signal applied. After cells have been given time to reach equilibrium 
heights (2-5 minutes) under the influence of DEP, MAP and gravitational forces, earner medium flow may be started 
from a digital syringe pump (KD scientific, Boston, Mass). The first cell subpopulations should begin emerging from 
the DEP-FFF fractionator approximately 2-5 minutes after the Initiation of fluid flow. Frequencies from 10 kHz to 500 
kHz, voltages from 0.5 V p-p to 3 V p-p, and carrier fluid conductivities from 5-1000 mS/m may be used. 

35 

Cell tracking 

[0092] Cell fractionation, Isolation, concentration and bursting may be investigated in the integrated devices. Cultured 
breast tumor cells may be mixed with PBMCs to provide a well-characterized and reproducible model system for in- 

40 vestigating the performance and optimal operating conditions for the component parts of the integrated system. To 
assist in tracking the cell subpopulations, one may Initially prelabel the breast cancer cells to facilitate tracking. This 
may be done in two ways. Initially, cells may be Incubation for 10 mins in 25 ^ig/ml BCECFtAM (Molecular Probes), a 
fluorescein probe that Is irreversibly accumulated by cells through the action of nonspecific esterases. BCECF Is only 
accumulated by viable cells and simultaneously acts as a viability indicator. In experiments, such labeling allowed 

45 convenient tracking of tumor cells which appeared as brilliant spheres against a dark field of unlabelled celts, allowing 
even a single tumor cell within a very large unlabelled population (> 10^ cells) to be instantly Identified. This tracking 
technique may be used to study the cells by fluorescent microscopy while they are undergoing separation and manip- 
ulations In the device. 

[0093] Secondly, FTTC-conjugated human epithelial antigen (HEA) antibody may be used to prelabel breast cancer 
50 cells prior to adding them to PBMNC mixtures. The fluorescence of this labeling procedure is much weaker than BCECF, 
however cells emerging from the separator stages can be passed directly into a flow cytometer and definitively Identified 

- — as being-of epithelial origin by-ttiis method-. 

[0094] Cell and cell culture: For model studies, one may use MDA-MB-435, MDA-MB-453, MDA-MB-236, and 
MDA-MB-468 human breast cancer lines originally established by Cailleau et al. as well as MCF-7 originally from the 
55 Michigan Cancer Foundation. These have fomied the basis for investigations into many aspects of tumomgenesis and 
metastasis, are well characterized, and are available from ATTC to other researchers for follow-up studies. MDA-MB- 
453 shows a 64-fold enhancement in mRNA level of HER2/neu compared with MDA-MB-231 and a comparable in- 
crease in cell surface concentration of the corresponding protein and is therefore suitable for both immunological and 
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mRNA assays. Tumor cells are cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, 1 mM 
glutamine and 20 mlVI HEPES buffer in 25-cm2 vented culture flasks (Costar) at 37°C under a 5% C02/95% air atmos- 
phere. Cultures are free of, and are periodically checked by radionucleic acid hybridization assay (Gen-Probe, Inc.) 
for, mycoplasma. Cells are harvested from 50-70% confluent cultures by brief exposure to 0.25% trypsin-0.02% EDTA 
solution. Viability is determined by trypan blue dye exclusion. 

[0095] Samples for DEP fractionation and manipulation may be prepared by suspending cells in sucrose/dextrose 
solution to yield suspensions having a specified conductivity of between 10 and 1000 mS/m and physiological osmo- 
larity (300 mOs/kg). If necessary, conductivity is adjusted with additional culture medium. 

Immunological detection 

[0096] Cell samples can be incubated with antibodies for markers prior to loading into the separation stages, while 
at the interface between the prefilter and DEP-MAP-FFF fractionator stages, and after trapping in the spiral electrode 
isolator stage prior to concentration. A series of DEP levitation/trapping cycles can be applied to "stir" the antibody/ 
cell mixture at each of these steps. Following labeling, cells may be trapped by positive DEP and washed free of 
antibodies by perfusing them with rinsing reagents as many times as needed. Fluorescently, magnetically or enzymically 
labeled antibodies can be used. Fluorescence microscopy can be used to detect fluorescence of the antibodies or of 
their catalytic by-products. Immunomagnetic labels may modify the DEP-MAP-FFF properties of cell types in accord- 
ance with their surface marker concentrations. One may use antibodies for human epithelial antigen (HEA) because 
this is a useful marker for identifying epithelial cells in.blood and lymph node cell dispersions, and EGF receptor antibody 
since this is a relevant prognostic marker for breast cancer. Clearly, these examples are merely exemplary of the more 
general applicability of the technology and surface markers relevant to any different application could be used instead. 

twDEP focusing! concentration of cells 

[0097] The twDEP properties of blood and cultured breast cancer cell lines are known in the art. A traveling wave 
field applied to the spiral electrode array at a frequency that both levitates and translates a cell subpopulation may 
allow it to be focused at the center of the spiral. A swept frequency may be applied to ensure that all cell and bead 
types on each spiral isolation segment may be swept to the center to form a highly concentrated mixture. Traveling 
waves in the frequency range 10 kHz to 500 kHz. voltages from 0.5 V p-p to 5 V p-p, and carrier fluid conductivities 
from 5-1000 mS/m may be used. 

Computer control 

[0098] In one embodiment, the pumps and signal generators used to operate the system are ail computer controllable. 
Image processing may use a dual-Pentium II PCI/EISA mother board. The image grabber may include a real-time 
image processor (Image Series 640+Neighborhood Processor with on-board 4 MB memory, Matrox Electronic Systems 
Ltd., Don/al, Canada) that is used to acquire images and to accelerate image operations. Appropriate software known 
in the art performs real-time process control of the serial and HPIB devices (pumps, valves, signal sources, digital 
camera) used to operate the system and a real-time imaging library (MIL-32 3.10, Matrox Electronic Systems Ltd., 
Dorval, Canada) used in conjunction with Labvlew software may be exploited for system control and fluorescence 
detection. 

Bursting of cells 

[0099] Following the trapping of cell fractions on the spiral electrode segments and their concentration by twDEP, 
the voltage and frequency applied to the spiral electrode may be changed to burst the target cells. A further level of 
cell discrimination is possible at this stage because targeted bursting can be done on ceil mixtures if desired. Breast 
cancer cells are typically in the 10-12 ^m diameter range and have specific membrane capacitances of --20 mP/m^. 
These parameters in conjunction with the suspending medium conductivity define the optimum bursting conditions. 
These may be examined for target cultured breast cancer and human specimen cells for carrier fluid conductivities 
from 5-1 000 mS/mrOptimum field conditions for rapidly burstingali cells on the spiral electrode may also be detenninedr-^- 
Voltages from 10 V peak-peak to 20V peak-peak and frequencies from 10 kHz to 100 kHz may be used, including 
swept frequencies. 

[0100] While the present disclosure may be adaptable to various modifications and alternative forms, specific em- 
bodiments have been shown by way of example and described herein. However, it should be understood that the 
present disclosure is not intended to be limited to the particular forms disclosed. Rather, It is to cover all modifications, 
equivalents, and alternatives falling within the spirit and scope of the disclosure as defined by the appended claims. 
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Moreover, the different aspects of the disclosed apparatus and methods may be utilized in various combinations and/ 
or independently. Thus the Invention is not limited to only those combinations shown herein, but rather may include 
other combinations. 

5 Example 3 - Programmable Fluidic Processor 

[0101] In one embodiment of the present invention, a programmable fluidic processor (PFP) may be coupled to the 
array isolator that may coupled to the electrode array isolator that is used to trap cells after they exit from the field-flow 
fractionation separator. Various embodiments of the PFP are discussed in pending U.S. Application No. 09/249,955, 

10 which has been previously incorporated herein by reference. 

[0102] As previously indicated, the array isolator may consist of a plurality of spiral traps. The PFP may be coupled 
to the spiral traps by a variety of means known in the art. For example, the PFP may be coupled to the spiral traps by 
means of a channel, or the PFP may be integral with the spiral traps. There may be one or more PFPs. Each spiral 
trap may have its own PFP, or multiple spiral traps may be connected to a single PFP. 

15 Once the cells have been trapped on the spiral traps, they may be moved to the PFP for further analysis. Once 

the cells have been transferred, the PFP may be used to programmably manipulate the cells in a variety of ways. FIG. 
12 shows one embodiment of the present invention that includes a PFP. As shown In FIG. 12, a single PFP may be 
connected to each of the spiral traps. 
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Claims 

10 1. A fluidic device for the analysis of cells, the device comprising: 

(a) a dielectrophoretic field-flow fractionation separator comprising a fluidic channel and an array of micro- 
electrodes configured to discriminate cells by balancing a dielectrophoretic force with a gravitational force to 
position different cell types to different heights above the floor of the fluidic channel within a velocity profile in 

^ 5 the separator so that different cell types are carried through the fluidic channel at different velocities to become 

separated, the separated different cell types emerging from a far end of the channel; characterized by 

(b) a multi-element electrode array isolator comprising a plurality of electrode elements coupled to the separator 
and configured so that each electrode array element traps a separate fraction of cells as a function of the cells' 
time of emergence from the separator. 

20 

2. The device of claim 1 , wherein the electrode elements are spiral electrode elements. 

3, The device of claim 1 , the device further comprising 

25 - a programmable fluidic processor coupled to the electrode array isolator. 

4- The device of claim 2 or 3, the device further comprising 

a dielectrophoretic prefilter coupled to the separator, the prefilter comprising one or more trapping electrodes 
30 configured to trap at least a portion of the cells with a dielectrophoretic force. 

5. The device of claim 1 , wherein the separator further comprises a magnet configured to displace with a magneto- 
phoretic force the cells to positions within the velocity profile in the separator. 

35 6. The device of claim 5, wherein the magnet are several flat magnets of SmCo or NdFeB materials placed at a 
parallel configuration in an opposing pole orientation. 

7. The device of claim 1 , wherein each of the plurality of spiral electrode elements is configured to be energized by 
a signal of a single frequency, but wherein the phase of the signal Is different for each of the plurality of electrode 

^0 elements. 

8. The device of claim 7, the device further comprising four electrode elements, and wherein the phases of the signal 
areO°, 90^ ISO*, 270*. 

45 9. The device of claim 4, the device further comprising 

a reagent port configured to allow for the injection of reagents onto the cells trapped on the spiral electrode 
elements. 

50 10. A method for cell Isolation and analysis, the method comprising the steps of: 

_. introducing cells-into4he-dielectrophoretic field-flow fractionation separator-as defined-inclam-ly 

discriminating the cells in the separator, the step of discriminating comprising the step of balancing a dielec- 
trophoretic force with a gravitational force to displace the cells to positions within a velocity profile in the sep- 
55 arator; and 

trapping at least a portion of the cells emerging from the separator with the multi-element electrode array 
isolator comprising a plurality of spiral electrode elements, as defined in claim 1 , as a function of the cells' 
time of emergence from the separator. 
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11. The method of claim 10, the method further comprising the step of 

manipulating the cells with a programmable fluidic processor coupled to the electrode array isolator. 

12. The method of claim 10, the method further comprising the step of lysing the cells trapped by the multi-element 
electrode array isolator, in particular wherein the step of lysing comprises using AC electrical fields. 

13. The method of claim 10, wherein at least a portion of the ceils Is initially coupled to the surface of a carrier bead. 

14. The method of claim 10 or 11 , the method further comprising the steps of 

introducing the cells into the dielectrophoretic prefiiter as defined in claim 3, thereby trapping at least a portion 
of the cells with a dielectrophoretic force, and 

directing the cells trapped from the prefiiter into the separator coupled to the prefiiter. 

15. The method of claim 14, wherein a plurality of analysis beads is mixed with the cells after the cells emerge from 
the separator. 

16. The method of claim 1 5, the method further comprising the step of concentrating the cells on the plurality of spiral 
electrode elements, the step of concentrating the cells comprising the step of energizing the plurality of spiral 
electrode elements with a multi-phase field, in particular wherein the multi-phase field comprises four phases, and 
comprises a frequency between 10 kHz to 200 kHz. 

17. The method of claim 10, wherein the cells are incubated with magnetically labeled antibodies. 
Patentanspruche 

1. Fluidvorrichtung fur die Analyse von Zellen, wobei die Vorrichtung aufweist: 

(a) einen dielektrophoretischen Feldstromungs-Fraktionierungsseparator, der einen Fluidkanal und eine An- 
ordnung von Mikroelektroden aufweist, die dafur angeordnet sind, Zellen zu unterschelden, indem eine di- 
elektrophoretische Kraft durch eine Schwerkraft kompensiert wird, um unterschiedliche Zelltypen auf unter- 
schiedlichen Hohen uber dem Boden des Fluidkanals innerhalb eines Geschwindigkeitsprofil in dem Separator 
zu positionieren, so dass unterschiedliche Zelltypen durch den Fluidkanal be! unterschiedlichen Geschwin- 
digkeiten zwecks Trennung transportiert werden, wobei die getrennten unterschiedlichen Zelltypen aus einem 
entfernten Ende des Kanals austreten; und 

(b) einen Mehrfacheiement-Elektrodenanordnungsisolator, der mehrere Elektrodenelemente aufweist, die mit 
dem Separator verbunden sind und so konfiguriert sind, dass jedes Elektrodenanordnungselement eine ge- 
trennte Fraktion von Zellen als eine Funktion der Austrittszeit der Zellen aus dem Separator einfangt. 

2. Vorrichtung nach Anspruch 1, wobei die Elektrodenelemente Spiralen-Elektrodenelemente sind. 

3. Vorrichtung nach Anspruch 1 , wobei die Vorrichtung ferner aufweist: 

einen programmierbaren Fluid prozessor, der mit dem Elektrodenanordnungsisolator verbunden ist. 

4. Vorrichtung nach Anspruch 2 Oder 3, wobei die Vorrichtung ferner aufweist: 

ein mit dem Separator verbundenes dielektrophoretisches Vorfilter, wobei das Vorfilter eine Oder mehrere 
Einfangelektroden aufweist, die dafur konfiguriert sind, wenigstens einen Teil von den Zellen mit einer dielek- 
trophoretischen-Kraft einzufangen. — ~ - 

5. Vorrichtung nach Anspruch 2, wobei der Separator ferner einen Magneten aufweist, der dafur konfiguriert ist, mit 
einer magnetophoretischen Kraft die Zellen auf Positionen innerhalb des Geschwindigkeitsprofils in dem Separator 
zu verschieben. 



6- Vorrichtung nach Anspruch 5, wobei der Magnet aus mehreren flachen Magneten aus SmCo Oder NdFeB Mate- 
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rialien besteht, die in einer parallelen Konfiguration in einer gegenuberliegenden Polorientierung angeordnet sind. 

7. Vorrichtung nach Anspruch 1 , wobei jedes von den mehreren Spiral-Elektrodenelementen dafur konfiguriert ist, 
dass es durch ein Signal mit nur einer Frequenz erregt wird, wobei aber die Phase des Signals fur jedes von den 

5 * mehreren Elektrodenelementen unterschiedlich ist. 

8. Vorrichtung nach Anspruch 7, wobei die Vorrichtung ferner vier Elektrodenelemente aufweist, und wobei die Pha- 
sen des Signals 0**, 90**, 180°, 270° sind. 

10 9. Vorrichtung nach Anspruch 4, wobei die Vorrichtung ferner aufweist: 

einen Reagens-Anschluss, der dafur konfiguriert ist, die Injektion von Reagenzien auf die auf den Spiral- 
Elektrodenelementen eingefangenen Zellen zu ermoglichen. 

15 10. Verfahren zur Zellisolation und Analyse, wobei das Verfahren die Schritte aufweist: 

Einfuhren von Zellen in den dielektrophoretischen Feldstrdmungs-Fraktlonierungsseparator gemSfi Definition 
in Anspruch 1; 

20 Unterscheiden der Zellen in dem Separator, wobei der Unterscheidungsschritt den Schritt der Kompensatlon 

einer dielektrophoretischen Kraft mit einer Schwerkraft umfasst, urn die Zellen auf Positionen innerhalb eines 
Geschwindigkeitsprofils in dem Separator zu verschieben; und 

Einfangen wenigstens eines Teils von aus dem Separator austretenden den Zellen mit dem Mehrfachelement- 
25 Elektrodenanordnungsisolator, der mehrere Spiral-Elektrodenelemente aufweist, gemali Definition in An- 

spruch 1, als eine Funktion der Austrittszelt der Zellen aus. dem Separator 

11. Verfahren nach Anspruch 10, wobei das Verfahren ferner den Schritt aufweist: 

30 Manipulation der Zellen mit einem programmierbaren Fluidprozessor, der mit dem Elektrodenanordnungsiso- 

lator verbunden ist. 

12. Verfahren nach Anspruch 10, wobei das Verfahren ferner den Schritt der Losung der durch den Mehrfachelement- 
Elektrodenanordnungsisolator eingefangenen Zellen aufweist, wobei insbesondere der Schritt der Losung die Ver- 

35 wendung von elektrischen Wechselfeldern aufweist. 

13. Verfahren nach Anspruch 10, wobei wenigstens ein Tell der Zellen zu Beginn mit der Oberflache eines Tragerteil- 
Chens verbunden ist. 

40 14. Verfahren nach Anspruch 10 Oder 11, wobei das Verfahren femer die Schritte aufweist: 

Einfuhren der Zellen in das dielektrophoretisches Vorfilter gemall Definition in Anspruch 2, um dadurch we- 
nigstens einen Teil von den Zellen mit einer dielektrophoretischen Kraft einzufangen, und Weiterleiten der von 
dem Vorfilter eingefangenen Zellen in einen mit dem Vorfilter verbundenen Separator. 

45 

1 5. Verfahren nach Anspruch 1 4, wobei mehrere Analyseteilchen mit den Zellen gemischt werden, nachdem die Zellen 
aus dem Separator austreten. 

16. Verfahren nach Anspnjch 15, wobei das Verfahren ferner den Schritt der Konzentration der Zellen auf den meh- 
50 reren Spiral-Elektrodenelementen aufweist, der Schritt der Konzentration der Zellen den Schritt der Erregung der 

mehreren Spiral-Elektrodenelementen mit einem mehrphasigen Feld aufweist, wobei insbesondere das mehrpha- 
sige Feld vier-Phasen aufweist und eine Frequenz zwischen 10 kHz bis 200 kHz aufweist. - 

17. Verfahren nach Anspruch 10, wobei die Zellen mit magnetisch markierten Antikorpern inkubiert werden. 

55 
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Revendications 

1. Appareil bas6 sur le flux pour Tanalyse de cellules, rappareil comprenant : 

(a) un separateur par fractionnement par couptage flux-force dlelectrophor^tlque comprenant un canal de flux 
et une rangee de micro-electrodes configuree pour differencier les cellules en equilibrant une force dielectro- 
phoretique avec une force gravitationnelle pour positionner differents types cellulaires d differentes hauteurs 
au-dessus de la base du canal de flux d Tint^rieur d*un profil de vltesse dans le separateur de maniere d ce 
que differents types cellulaires soient portes le long du canal de flux a differentes vitesses pour qu'ils se 
separent. les differents types cellulaires separes sortant d'une extremity eioignee du canal ; caracterise par 

(b) un isolateur d rangee d'^lectrodes d plusieurs elements, comprenant une plurality d*§lements d'^lectrodes 
couples avec le separateur et configures de maniere a ce que chaque element de la rangee d'electrodes plege 
une fraction s^paree de cellules en fonction du temps de sortie du separateur des cellules. 

2. Appareil selon la revendication 1 , dans lequel les elements d'electrodes sont des elements d'electrodes en splrale. 

3. Appareil selon la revendication 1, 1'appareil comprenant de plus 

un prpcesseur fluidique programmable couple a I'isolateur a rangee d'electrodes. 

4. Appareil selon la revendication 2 ou 3, 1'appareil comprenant de plus 

un pre-filtre dieiectrophoretique couple au separateur. le pre-filtre comprenant une ou plusieurs electrodes de 
piegeage configurees pour pieger au moins une portion des cellules avec une force dieiectrophoretique. 

5. Appareil selon la revendication 1 , dans leque! le separateur comprend de plus un aimant configure pour deplacer 
les cellules avec une force magnetophoretique e des positions e I'lnterieur du profil de vitesse dans le separateur. 

6. Appareil selon ia revendication 5, dans lequel I'aimant est constitue de plusieurs aimants plats de materiau SmCo 
ou NdFeB places dans une configuration en parallele dans une orientation a poles opposes. 

7. Appareil selon la revendication 1 , dans lequel chacun de la plurallte d'elements d'electrodes en spirale est configure 
pour etre stimule par un signal a une seule frequence, mais, dans lequel la phase du signal est differente pour 
chacun des differents elements d'electrodes. 

8. Appareil selon la revendication 7, 1'appareil comprenant de plus quatre elements d'electrodes, et dans lequel les 
phases du signal sont de 0°, 90°, 180^,270°. 

9. Appareil selon la revendication 4, 1'appareil comprenant de plus 

un port de reactifs configure pour permettre Tinjection de reactifs sur les cellules piegees sur les elements 
d'electrodes en spirale. 

10. Precede pour isoler et analyser des cellules, le precede comprenant les etapes consistant e : 

Introduire des cellules dans le separateur par fractionnement par coupiage flux-force dieiectrophoretique tel 
que defini dans la revendication 1 ; 

distinguer des cellules dans le separateur, I'etape de distinction comprenant I'etape d'equilibrage d'une force 
dieiectrophoretique avec une force gravitationnelle pour deplacer les cellules jusqu'a des positions e I'interieur 
d'un profil de vitesse dans le separateur ; et 

pieger au moins une portion des cellules sortant du separateur avec I'isolateur ^ rangee d'electrodes a plu- 
- sieurs eiements-comprenant une pluralite d'eiements d'electrodes en spirale, tel que defini dans la revendi- 
cation 1 , en fonction du temps de sortie du separateur des cellules. 

11. Precede selon la revendication 10, le precede comprenant de plus les etapes consistant d 

manipuler les cellules avec un processeur fluidique programmable couple e I'isolateur d rangee d'electrodes. 

12. Procede selon la revendication 10, le precede comprenant de plus I'etape de lyse des cellules piegees par I'iso- 
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lateur a rangee d'etectrodes a plusieurs elements, en particulier dans lequel Tetape de lyse comprend ('utilisation 
de champs ^lectriques de courant altematif. 

13. Precede selon la revendication 10, dans lequel au moins une portion des cellules est initialement couplee a la 
surface d'une bille porteuse. 

14. Procede selon la revendication 10 ou 11, le precede comprenant de plus les etapes consistant a 

introduire les cellules dans le pr6-filtre dielectrophoretique tel que defini dans la revendication 3, pi^geant 

ainsi au moins une portion des cellules avec une force dielectrophoretique, et 

orienter les cellules piegees depuis le pre-filtre jusque dans le separateur couple au pre-filtre. 

15. Procede selon la revendication 14, dans lequel une plurality de billes d'analyse sont melangees avec les cellules 
apr^s que les cellules sont sorties du s6parateur. 

16. Procede selon la revendication 15, le procede comprenant de plus I'etape de concentration des cellules dans une 
pluralite d'el6ments d'electrodes en splrate, i'etape de concentration des cellules comprenant I'etape de stimulation 
de la pluralite d'elements d'electrodes en spirale avec un champ a phases multiples, en particulier dans lequel le 
champ a phases multiples comprend quatre phases, et comprend une frequence entre 10kHz et 200kHZ. 

17. Procede selon la revendication 10, dans lequel les cellules sont incub^es avec des antlcorps marques de mani^re 
magnetique. 
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Separation Summaiy 



Ehcperiment 
Parameters 


Cell Types 


Ratio 
(before) 


•Purity 
(after) 


Separation 
Time (min) ' 


15-40 kHz, 5 min; 
5kfi^7nun 


MDA435 
CD34+ Cells 


2:3 


99% 
99.2% 


. 12 


5 kHz. 30min 


MDA43S 

Erythrocytes 


1 : 1 


99.9% 

. 99.9%- 


30 


1S-3S kHz. S min; 
5 kflb:, 7 min) 


MDA435 
T-lymphocytes 


2:3 


98% 
92% 


12 


20-50 kHz. 10 min: 
5kB^6min 


Monocytes 
T-iymphocytes 


1:1 


98% 
92% 


16 


20>40kHz.l0inin; 
5 kli^6inin 


Monocytes 
B-lymphocytes 


1:1 


94% 
92% 


16 


40-SO kHz, 8 min; 
51diz,5roin 


(jtanulocytes 
T-lympho^es 


1:1 


94% 
87% 


13- 


30-35 kEIz, 8 min; 
Skl^Smln 


Mono^tes 
Granulocytes 


1 : 1 


97% 
91% 


13 


40-55 IdOz. 5 min; 
25-35 y^Sz, 5 miiq 
5IdB[z;5min 


T-lyn^hocytes 
Granulocytes 
Mono^es 


8:8:1 


96% 
91% 
58% 


14 


10 kHz, 25 min 


Leukocytes 
&ythro^tes 


1:700 


5% 
99.99% 


25 
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Bursting Profile (Lymphocytes, 55.7 mS/m) 
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Glass Cells with different d^rees of magnetic labeling: 
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(54) Mobile phase gradient generation microfluidic device 



(57) The present invention relates to a microfluidic 
device (10) for separating the components of a fluid 
sample. A coyer plate (40) is arranged over the first sur- 
face (14) of a substrate (12), which, in combination with 
a micrpchanhel (18) formed in the first (14) surface, de- 
fines a separation conduit (19) for separatirig the com- 
ponents of the fluid sample. An inlet port (72) in fluid 
communication with the separation conduit (19) allows 
a mobile phase containing a gradient of a selected mo- 
bile-phase component to be Introduced from an integrat- 
ed gradient-generation means (60) to the separation 
conduit (19). A method Is also provided for separating 
the components of a fluid sample using a mobile phase 
containing a gradient of a selected mobile-phase com- 
ponent, wherein the gradient Is generated within a small 
volume of mobile phase. 
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Description 

[0001] The present invention generally. relates to mi- 
crofluidic devices that employ a mobile phase contain- 
ing differing concentrations of a selected mobile-phase 
component. In particular, the invention relates to micro- 
fluidic devices that separate a fluid sample into its con- 
stituent components, wherein the employed mobile 
phase exhibits a concentration gradient of a selected 
mobile-phase component. In addition, the invention re- 
lates to the use of microf luidic devices to generate a gra- 
dient or differing concentrations of a selected mobile- 
phase component within a small volume of mobile 
phase in order to separate the components of a fluid 
sample. 

[0002] Microfluldic device technologies, also referred 
to as lab-on-a-chip technologies, have, been proposed 
for a number of different applications In various fields. 
In the field of biology, for example, microfluldic devices 
may be used to carry out cellular assays. In addition, 
microfluldic devices have been proposed to carry out 
separation techniques in the field of analytical chemis- 
try. 

[0003] Generally, microfluidic devices may be used to 
separate the components of a fluid sample using either 
of two techniques: capillary electrophoresis or chroma- 
tography. Capillary electrophoresis involves the separa- 
tion of molecules based on differences in the electro- 
phoretic mobility of the molecules. Typically, microfluidic 
devices employ a controlled application of an electric 
field to induce fluid flow and/or to provide flow switching. 
In order to effect reproducible and/or high-resolution 
separation, a fluid sample "plug" (a predetermined vol- 
ume of fluid sample) must be controllably injected into 
a capillary separation column or conduit. For fluid sam- 
ples containing high molecular weight charged biomo- 
lecular analytes, such as DNA fragments and proteins, 
microfluidic devices containing a capillary electrophore- 
sis separation conduit that is a few centirheters in length 
may be effectively used to carry out separation of small 
sample plugs having a length on the order of microme- 
ters. Once injected, high sensitivity detection, such as 
laser-induced fluorescence, may be employed to re- 
solve a separated fluorescent-labeled sample compo- 
nent. 

[0004] For samples containing analyte molecules with 
low electrophoretic mobility differences, such as those 
containing small drug molecules, the separation tech- 
nology of choice is generally chromatography. Chroma- 
tographic separation occurs when a mobile phase car- 
ries sample molecules through a chromatography bed 
{stationary phase) where sample molecules interact 
with the stationary phase surface. The velocity at which 
a particular sample component travels through a chro- 
matography bed depends on the component's partition 
between mobile phase and stationary phase. Microflu- 
idic devices that incorporate a liquid chromatographic 
functionality have been described in U.S. Serial No. 



09/908,231 . These microfluidic devices may employ in- 
tegrated mechanical valve technologies, such as those 
described in U.S. Serial No. 09/908,292, for sample in- 
troduction and to reduce the volume of "dead space" in 
5 the microfluldic devices, 

[0005] There are many chromatographic techniques 
known in the art. See e.g., Kutter et al. (1998), "Solvent- 
programmed microchip open-channel electrochrorria- 
tography." Anal. C/ie/n. 70:3291 -3297. For example, in 
10 reverse phase liquid chromatography, where the sta- 
tionary phase offers a hydrophobic surface and the mo- 
bile phase is usually a mixture of water and an organic 
solvent, the least hydrophobic component moves 
through the chromatography bed first, followed by other 
components, in order of increasing hydrophobicity. In 
other words, the chromatographic separation of sample 
components may be based on hydrophobicity. 
[0006] In isocratic liquid chromatography, the content 
of the mobile phase is constant throughout the separa- 
tion. Gradient liquid chromatography, on the other hand, 
requires the content of the mobile phase to change dur- 
ing separation. Gradient liquid chromatography not only 
offers high resolution and high-speed separation of wide 
ranges of compounds, it also allows injection of large 
sample volumes without compromising separation effi- 
ciency. During the initial period when the sample is in- 
troduced, the mobile phase strength is often kept low, 
and the sample is trapped at the head of the liquid chro- 
matography column bed. As a result, Interfering moie- 
ties, such as salts, are washed away. In this regard, gra- 
dient liquid chromatography is suited to analyze fluid 
samples containing a low concentration of analyte moi- 
eties. 

[0007] Typically, pressurizing means are employed to 
provide flow through packed columns in liquid chroma- 
tography Such pressurizing means typically include 
pumps that are designed for optimal performance at a 
certain flow rate range, generally between about 50 \iU 
min to about 1 mUmin. To generate a gradient of a se- 
lected mobile-phase component within a mobile phase, 
two pumps may be employed to pump two fluids, each 
fluid containing a different concentration of the selected 
mobile-phase component. The fluids are mixed to form 
the mobile phase and introduced into the column. By 
varying the relative flow rate of the pumps, a concentra- 
tion gradient of the selected mobile-phase component 
may be formed within the mobile phase flowing through 
the column. However, the quality of the gradient gener- 
ated by this technique is limited by the performance of 
the pumps. In some cases, a gradient may require a fluid 
flow rate that lies outside the capability of the pumps. 
This limitation is particularly pronounced when micro- 
bore liquid chromatography columns are employed, be- 
cause the required mobile-phase flow rate through the 
columns is extremely low. 

[0008] Use of conventional chromatographic equip- 
ment with microfluidic devices for separating the com- 
ponents of a fluid may present other technical problems. 
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For example, In order to obtain a smooth gradient, con- 
ventional liquid chromatograpliy systems employ a 
pressure damper as well as a mixer. The pressure 
damper and the mixer require a certain volume of fluid 
for proper operation. This volume Is associated with a 
delay time, i.e., the time it tal<es for a mobile phase to 
reach the liquid chromatography column after mixing. 
The delay time can be calculated as the quotient of the 
delay volume over the flow rate. For example, the com- 
bined volume of the damper and the mixer in a conven- 
•tional liquid chromatography system is about 0.3 mL to 
about 0.5 mL This translates to a delay time of about 
0.3 minutes to about 0.5 minutes at a flow rate of 1 mL/ 
min. However, if a microfluidic device is constructed for 
operation at a flow rate of less than about 1 uLymin, the 
delay time increases to about 300 minutes to about 500 
minutes. Such a long delay time renders microfluidic de- 
vice-based gradient liquid chromatography impractical. 
[0009] To overcome this limitation, commercial low 
flow rate liquid chromatography pumps typically employ 
a split flow design. In this design, pumps move mobile 
phase at a high flow rate, but only a portion of the mobile 
phase is delivered to the separation column. The re- 
mainder of the rnobile phase is diverted into a waste 
stream. This adds to the cost of operation because typ- 
ically less than 1 % of the mobile phase is actually used 
for separation. 

[0010] In addition, the concentration of the selected 
mobile-phase components delivered to the column 
changes as gradient liquid chromatography Is carried 
out. In most cases, the viscosity of the mobile phase also 
changes. This tends to change the pressure profile with- 
in the column. To compensate for such pressure profile 
changes, an electronic flow control unit that includes a 
flow meter and a variable flow resistor Is uised to control 
commercial chromatography pumps. As mobile phase 
is delivered to the column, the flow meter measures the 
flow rate of the mobile phase to provide feedback control 
over the variable flow resistor. Nevertheless, current 
flow sensor technologies are incapable of accurately 
measuring flow rates of less than 1 |xL/min, especially 
in gradient mode, and are therefore unsuitable for use 
in microfluidic devices that are employed in gradient 
chromatography. 

[001 1 ] Thus, there is a need for integrated microfluidic 
device technology that allows control and generation of 
a gradient of a selected mobile-phase component within 
a small volume of mobile phase in order to separate the 
components of a fluid sample. In particular, there is a 
need for an improved microfluidic disvice that employs 
a smooth gradient at low flow rates, especially In flow 
rate ranges of less than 1 ^iLVmin. 
[0012] in a first embodiment, the invention relates to 
a microfluidic. device. for separating the components of 
a fluid sample. The microfluidic device comprises a sub- 
strate having a microchannel formed in a surface thereof 
and a cover plate arranged over the substrate surface. 
The cover plate, in combination with the microchannel. 



defines a separation conduit for separating the compo- 
nents of the fluid sample according to a specific compo- 
nent property. The microfluidic device also includes an 
integrated gradient-generation means for generating a 
5 gradient of a selected mobile-phase component in a mo- 
bile phase. The integrated gradient-generation means 
Is arranged to allow the mobile phase from the gradient- 
generation means to be transported through an inlet port 
into the separation conduit and out of an outlet port. Typ- 
10 ically, though not necessarily, the integrated gradient- 
generation means is formed at least in part within the 
substrate and/or in the cover plate. 
[0013] In another embodiment, the invention relates 
to a microfluidic device that employs a gradient-gener- 
15 ation means for generatirig a gradient of a selected mo- 
bile-phase component in a mobile phase in order to sep- 
arate the components of the fluid sample. The gradient- 
generation means is formed from a substrate and a cov- 
er plate arranged over a surface of the substrate. A mi- 
20 crochannel having an upstream terminus and a down- 
stream terminus is formed in the surface of the sub- 
strate. The cover plate, in combination with the micro- 
channel, forms a mobile-phase holding conduit having 
a length defined by the upstream terminus and the 
25 downstream terminus. A plurality of inlet ports Is ar- 
ranged along the length of the mobile-phase holding 
conduit, and an outlet port is located downstream from 
the inlet ports. A separation conduit is provided as well 
for separating the components of a fluid sample accord- 
30 ing to a specific component property, and a mobile- 
phase introducing means allows mobile phase from the 
mobile-phase holding conduit to flow through its outlet 
port and into a separation conduit. 
[0014] In a further embodiment, the invention relates 
to a microfluidic device having an integrated mobile- 
phase source. The microfluidic device comprises a sub- 
strate having a microchannel formed in a surface thereof 
and a cover pliate arranged over the substrate surface. 
The cover plate, in combination with the microchannel, 
defines a separation conduit for separating the compo- 
nents of the fluid sample according to a specific compo- 
nent property, and has an inlet port and an outlet port. 
An integrated mobile-phase source is provided compris- 
ing a microconduit having a length defined by an up- 
stream terminus and a downstream terminus. The mi- 
croconduit contains a nriobile phase that exhibits a gra- 
dient of a selected mobile-phase component along the 
length of the microconduit. The integrated mobile-phase 
source is arranged to allow.the mobile phase to be trans- 
ported through the inlet port into the separation conduit 
and out of the outlet port. 

[0015] In a still further embodiment, the invention re- 
lates to a method for separating the components of a 
fluid sample. The method uses no more than about 100 
^iL of fluid to produce a mobile phase containing a gra- 
dient of the selected mobile-phase component. Prefer- 
ably, no more than about 20 \lL of fluid is used to produce 
the gradient-containing mobile phase. The gradlent- 
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containing mobile phase produced as a result is used to 
convey a fluid sample through the separation conduit, 
thereby separating the components of the fluid sample. 
[0016] In another embodiment, the invention relates 
to a microfluidic device for producing a flow of mobile 
phase. The device comprises a mobile-phase source 
and a pressurizing means. The mobile-phase source 
comprises a mobile-phase holding microconduit having 
a length defined by an upstream terminus and a down- 
stream terminus, and an outlet port located at the down- 
stream terminus, and a mobile phase, contained in the 
mobile-phase holding microconduit, that exhibits differ- 
ing concentrations of selected mobile-phase compo- 
nent along the length of the mobile-phase holding mi- 
croconduit. The pressurizing means allows for the pres- 
surization of the microconduit to force the mobile phase 
within the microconduit to flow toward the downstream 
terminus along the length of the microconduit and out 
the outlet port. 

[0017] In still another embodiment, the invention re- 
lates to a microfluidic device for producing a flow of mo- 
bile phase. The microfluidic device comprises, a produc- 
ing means for producing different concentrations of a se- 
lected mobile-phase component in different locations 
within a mobile phase comprising, a plurality of mobile- 
phase sources, a mobile-phase introducing means and 
a pressurizing means. The producing means comprises 
a mobile-phase-holding microconduit having a length 
defined by an upstream terminus and a downstream ter- 
minus, an outlet port located at the downstream termi- 
nus, and at least one inlet port in fluid communication 
with the mobile-phase holding microconduit upstream 
from the outlet port. Each mobile-phase source contains 
a mobile phase of a different concentration of a selected 
mobile-phase component. The introduction means in- 
troduces plugs of mobile phase from the mobile-phase 
sources through the at least one inlet port into the mo- 
bile-phase holding conduit such that the plugs are ar- 
ranged in a predetermined order along the length of the 
mobile-phase holding conduit. The pressurizing means 
pressurizes the microconduit to force the mobile phase 
within the microconduit to flow toward the downstream 
temriinus along the length of the microconduit and out 
the single outlet port. 

[0018] Thus, this invention provides, in yet another 
embodiment, a method for producing a flow of mobile 
phase. A mobile-phase source is provided comprising 
a mobile-phase-holding microconduit having a length 
defined by an upstream terminus and a downstream ter- 
minus, and an outlet port located at the downstream ter- 
minus, and a mobile phase, contained in the mobile- 
phase holding microconduit, that (exhibits differing con- 
centrations of selected mobile-phase component along 
the length of the microconduit. The mobile-phase hold- 
ing microconduit is pressurized to force the mobile 
phase within the mobile-phase holding microconduit to 
flow toward the downstream terminus along the length 
of the microconduit and out of the outlet port. Optionally, 



at least one inlet port Is provided fluid communication 
with the mobile-phase holding microconduit, vyherein 
the outlet port is located downstream from the at least 
one inlet port of the mobile-phase holding microconduit. 

5 In such a case, a plurality of mobile-phase sources may 
be provided as well, each containing a mobile phase, 
wherein each mobile phase contains a different concen- 
tration of a selected mobile-phase component. Plugs of 
mobile phase from the mobile-phase sources are intro- 

10 duced through the at least one inlet port into the mobile- 
phase holding microconduit such that the plugs are ar- 
ranged in a predetermined order along the length of the 
mobile-phase holding conduit. 
[001 9] For any of the embodiments, the mobile-phase 

15 holding microconduit may be defined or further defined 
by a substrate having a microchannel formed in a sur- 
face thereof in combination with a cover plate arranged 
over the substrate surface. 

[0020] A number of preferred embodiments of the in- 
20 vention will now be described with reference to the draw- 
ings, in which:- 

FIGS. 1A-1C, collectively referred to as FIG. 1. il- 
lustrate a version of the inventive microfluidic de- 
25 vice having an integrated gradient-generation 
means. FIG. 1A illustrates the device in exploded 
view. FIGS. 1B and 10 schematically illustrate the 
microfluidic device in loading and operating config- 
urations, respectively. 
30 FIGS. 2A-2C, collectively referred to as FIG. 2, il- 
lustrate a version of the inventive microfluidic de- 
vice similar to that illustrated in FIG. 1 , but having 
a different integrated gradient-generation nieans. 
FIGS. 2A and 2B schematically illustrate the micro- 
ns fluidic device In loading configurations. FIG. 20 
schematically illustrates the microfluidic device in 
an operating configuration. 
FIG. 3 schematically illustrates a microfluidic device 
for separating the components of a fluid sample, 
wherein the microfluidic device contains a cascade 
of microchannels suitable for generating a smooth 
gradient in a mobile phase. 
FIGS. 4A-4C. collectively referred to as FIG. 4. il- 
lustrate a switching structure employs rotational 
motion to controllably introduce, through a conduit, 
a plug of a first mobile phase followed by a second 
mobile phase. FIG. 4A illustrates the switching 
structure in exploded view. FIGS. 4B and 40 sche- 
matically Illustrate the switching structure in first and 
second flow path configurations, respectively. 
FIGS. 5A and 58, collectively referred to as FIG. 5, 
illustrate a switching structure that employs rota- 
tional motion to controllably introduce, through a 
conduit, a plug of a first mobile phase, followed by 
a plug of a second mobile phase and the first mobile 
phase. FIG. 5A Illustrates the switching structure in 
a first flow path configuration. FIG. 58 illustrate the 
switching structure in a second flow path configura- 
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tion. 

[0021] Before the invention is described in detail, it is 
to be understood that, unless otherwise indicated, this . 
Invention Is not limited to particular materials, compo^ s 
nents, or manufacturing prpcesses, as such may vary. 
It Is also to be understood that the terminology used 
herein is for purposes of describing particular embodi- 
ments only, and is not intended to be limiting. 
[0022] It must be noted that, as used In the speclfica- io 
tion and the appended claims, the singular forms "a," 
"an," and "the" include plural referents unless the con- 
text clearly dictates otherwise. Thus, for example, refer- 
ence to "an inlet" includes a plurality of inlets, reference 
to "a fluid" Includes a mixture of fluids, reference to "a is 
cascade" includes a plurality of cascades, and the like. 
[0023] In this specification and in the claims that fol- 
low, reference will be made to a number of terms that 
shall be defined to have the following meanings: 
[0024] The term "fluid-tight" is used herein to describe 20 
the spatial relationship between two solid surfaces in 
physical contact such that fluid is prevented from flowing 
into the Interface between the surfaces. 
[0025] The term "fluid-transporting feature" as used 
herein refers to an arrangement of solid bodies or por- 25 
tions thereof that direct fluid flow. Fluid-transporting fea- 
tures Include, but are not limited to, chambers, reser- 
voirs, conduits, and channels. The term "conduit" as 
used herein refers to a three-dimensional enclosure 
formed by one or more walls and having an inlet opening 30 
and an outlet opening through which fluid may be trans- 
ported. The term "channel" is used herein to refer to an 
open groove or a trench in a surface. A channel in com- 
bination with a solid piece over the channel forms a 
"conduit". A conduit may also be formed from a stencil 35 
interposed between two solid surfaces. 
[0026] The term "microalignment means" is defined 
herein to refer to any means for ensuring the precise 
microalignment of microfabricated features in a micro- 
fluidlc device. Microalignment means can be formed ei- 
ther by laser ablation or by other methods well known 
in the art that are used to fabricate shaped pieces: Rep- 
resentative microalignment means that can be em- 
ployed herein include a plurality of appropriately ar- 
ranged protrusions in component parts, e.g., projec- ^5 
tions, depressions, grooves, ridges, guides, or the like. 
[0027] The term "microfluidic device" refers to a de- 
vice having features of micrometer or submicrometer di- 
mensions, and which can be used in any number of 
chemical processes involving very small amounts of flu- so 
id. Such processes include, but are not limited to, elec- 
trophoresis (e.g., capillary electrophoresis or CE), chro- 
matography (e.g., \lLC), screening and diagnostics (e. 
g., using hybridization or other binding means), and 
chemical and biochemical synthesis (e.g., DNA amplifi- 55 
cation as may be conducted using the polymerase chain 
reaction, or "PGR"), and analysis (e.g., through enzy- 
matic digestion). The features of the microfluidic devices 



are adapted to the particular use intended. For example, 
microfluidic devices that are used in separation process: 
es such as chromatography contain microchannels 
(termed herein as "microcondults" when they are en- 
closed, I.e., when the cover plate Is in place on the ml- 
crochannel-containing substrate surface) on the order 
of 1 ^m to 200 ^im in diameter, typically 1 0 ^im to 75 .^m 
in diameter, and approximately 0.1 to 50 cm in length. 
For microfluidic devices that are used in generating or 
holding a gradient-containing mobile phase, conduits 
associated with gradient-generation means may have a 
volume of about 1 nL to about 100 ^iL, typically about 
10nLto20^L. . 

[0028] The term "mobile phase" as used herein refers 
to any fluid capable of movement under a motive force. 
Although the term "mobile phase" is typically used in the 
context of separation processes such as chromatogra- 
phy, the term is not limited to such processes. 
[0029] "Optional" or "optionally" as used herein 
means that the subsequently described feature or struc- 
ture may or may not be present, or that the subsequently 
described event or circumstance may or may not occur, 
and that the description includes instances where a par- 
ticular feature or structure is present and instances 
where the feature or structure is absent, or instances 
where the event or circumstance occurs and Instances 
where it does not. 

[0030] The invention generally relates to a microfluid- 
ic device for separating the components of a fluid sam- 
ple, wherein the microfluidic device is formed from a 
substrate having a microchannel in a surface thereof 
and a cover plate arranged over , the substrate surface. 
The cover plate, in combination with the microchannel, 
defines a separation conduit for separating the compo- 
nents of a fluid sample according to a specific compo- 
nent property; the separation conduit has an inlet port 
and an outlet port. The microfluidic device also includes 
an integrated gradient-generation means for generating 
a gradient of a selected mobile-phase component in a 
mobile phase. The integrated gradient-generation 
means is arranged to allow the mobile phase from the 
gradient-generation means to be transported through 
the inlet port into the separation conduit and out of the 
outlet port. Typically, though not necessarily, the inte- 
grated gradient-generation means is formed at least in 
part within the substrate and/or in the cover plate. 
[0031] Typically, the integrated . gradient-generation 
means includes a mobile-phase holding conduit having 
a length defined by an upstream terminus and a down- 
stream terminus. A plurality of inlet ports is arranged 
along the length of the mobile-phase holding conduit, 
and an outlet port is located downstream from the inlet 
ports of the mobile-phase holding conduit. An introduc- 
tion means is provided for introducing the mobile phase 
from the mobile-phase holding conduit through its outlet 
port and into the inlet port of the separation conduit. This 
gradient-generation means, as well as variations there- 
of, is further discussed below. 
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[0032] FIG. 1 illustrates an embodiment of the inven- 
tive microfluidic device having an integrated gradient- 
generation means as described above, in combination 
with a separation column for liquid chromatography. As 
with all figures referisnced herein, in which lll<e parts are 
referenced by like numerals, FIG. 1 Is not necessarily to 
scale, and certain dimensions may be exaggerated for 
clarity of presentation. As illustrated in FIG. 1, the mi- 
crofluidic device 10 includes a substrate 12 comprising 
first and second substantially planar opposing surfaces 
indicated at 14 and 16, respectively, and is comprised 
of a material that is substantially inert with respect to 
fluids that will be transported through the microfluidic de- 
vice. The substrate 12 has a first fluid-transporting fea- 
ture In the form of a separation microchannel 18 and a 
second fluid-transporting feature in the form of a mobile- 
phase holding microchannel 20, each microchannel lo- 
cated In the first planar surface 14. The separation mi- 
crochannel 18 represents a portion of a separation con- 
duit 19, and the mobile-phase holding microchannel 20 
represents a portion of the mobile-phase holding con- 
duit 21 , as discussed below. The separation microchan- 
nel 18 has a sample inlet terminus 24 at an upstream 
end and a sample outlet terminus 26 at the opposing 
end. As shown in FIG. 1 , the sample outlet terminus 26 
is located at a protrusion of the otherwise rectangular 
substrate 12. Similarly, the mobile-phase holding micro- 
channel 20 has a length defined by an upstream termi- 
nus 28 and a downstream terminus 30. 
[0033] The substrate 12 has six conduits, indicated at 
17A, 17B, 17C, 17D, 17E and 17F that extend through 
surfaces 14 and 16 and that represent the vertices of an 
equilateral hexagon. Conduit 17A Is located at the 
downstream terminus 30 of the mobile-phase holding 
microchannel 20. Conduit 17B is located at the sample 
inlet terminus 28 of the separation microchannel 18. 
[0034] The microfluidic device 1 0 also includes a cov- 
er plate 40 that is complementarily shaped with respect 
to the substrate 12 and has first and second substan- 
tially planar opposing surfaces indicated at 42 and 44, 
respectively. The cover plate 40 can be comprised of 
any suitable material for forming the substrate 12 as de- 
scribed below. The contact surface 42 of the cover plate 
40 is capable of interfacing closely with the contact sur^ 
face 14 of the substrate 12 to achieve fluid-tight contact 
between the surfaces. The cover plate 40 may include 
a variety of features. As shown, mobile-phase inlet ports 
48 and 50 are provided as a cylindrical conduit extend- 
ing through the cover plate 40 in a direction orthogonal 
to the cover plate contact surface 42 to result in fluid 
communication between surfaces 42 and 44. Similarly, 
sample inlet port 72 and sample putlet port 46 are pro- 
vided as conduits extending from surface 42 to surface 
44. A sample introduction channel 66 having termini 68 
and 70 Is located oh contact surface 42. 
[0035] The cover plate 40 is substantially immobilized 
over the substrate contact surface 14, and the cover 
plate contact surface 42 in combination with the sepa- 



ration microchannel 18 defines a sample conduit 19 for 
conveying the sample. Similarly, the cover plate 40, in 
combination with the mobile-phase holding channel 20, 
defines a mobile-phase holding conduit 21. In addition, 
5 the sample introduction channel 66 combined with the 
substrate contact surface 14 forms sample Introduction 
conduit 67. Because the contact surfaces of the cover 
plate and the substrate are in fluid-tight contact, the sep- 
aration conduit 19, the mobile-phase holding conduit 21 , 
10 and sample introduction conduit 67 are all fluid-tight as 
well. Mobile-phase inlet port 48 is located over the up- 
stream terminus 28 of the mobile-phase holding-chan- 
nel 20 and mobile phase inlet port 50 is located over the 
mobile-phase holding channel 20 at approximately the 
15 midpoint between Its termini 28 and 30. Sample inlet 
port 72 and sample outlet port 46 are aligned with con- 
duits 17E and 17D, respectively. Termini 68 and 70 of 
sample introduction channel 66 are aligned with con- 
duits 17F and 17C, respectively. 
[0036] A switching plate 60 Is provided as an integrat- 
ed means for sample introduction. The switching plate 
also serves to provide, controllable communication be- 
tween the mobile-phase holding conduit 21, the sample 
introduction conduit 67. and the separation conduit 19. 
This switching plate 60 is similar to that described in U. 
S. Serial Nos. 09/908,292 and 09/908,231 , As depicted 
in FIG. 1A, the switching plate 60 has a substantially 
planar and circular contact surface 62 and an opposing 
surface 64. As shown, the surfaces 62 and 64 are gen- 
erally congruent. Three curved fluid-transporting chan- 
nels, indicated at 74A, 74B and 740, are each located 
on contact surface 62. The three fluid-transporting chan- 
nels lie along a circle having a diameter equal to the 
length of sample introduction channel. 66. Each fluid- 
transporting channel has two termini such that each ter- 
minus represents a vertex of an equilateral hexagon that 
is congruent with the equilateral hexagon formed by the 
through conduits 17A-17F of the substrate 12. The 
switching plate contact surface 62 may be placed in sl- 
idable and fluid-tight contact with substrate surface 16. 
As a result, the fluid-transporting channels, 74A, 748, 
and 740, in combination with substrate surface 1 6, forrn 
three curved conduits, 75A, 758. and 750, respectively. 
[0037] Depending on the relative orientation of the 
switching plate and the substrate two possible flow 
paths configurations can be created. As shown in FIG. 
1 B, the first flow path configuration allows a sample fluid 
to be introduced into the microfluidic device through 
sample Inlet port 72 through conduit 750, the sample 
introduction conduit 67 and conduit 758. The sample 
fluid may then exit the microfluidic device 10 through 
sample outlet port 46. By rotating the switching plate 60 
60* about its center, a second flow path configuration 
results, as shown in FIG. 1 C. The second flow path con- 
figuration positions the sample introduction conduit 67 
in a flow path between the mobile-phase holding conduit 
21 and the separation conduit 1 9. As a result, a flow path 
is formed from mobile-phase holding conduit 21 through 
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conduit 75C, sample introduction conduit 67, conduit 
75A, and separation conduit 19. 
[0038] The microfluidic device may be employed in a 
method for separating the components of a fluid sample 
in a manner similar to that of a simple capillary liquid 5 
chromatographic apparatus. The integrated gradient- 
generation means may be used to generate the gradient 
of the selected mobile-phase component In the mobile 
phase by providing the Inlet ports 48 and 50 of the mo- 
bile-phase holding conduit fluid communication with a 
source of mobile phase (not shown) such that mobile 
phase containing differing concentrations of the select- 
ed mobile-phase component may be Introduced into 
each Inlet port. Thus, once filled with mobile phases 
from the inlet ports 48 and 50, the upstream portion of 
the mobile-phase holding conduit 21 may contalri a dif- 
ferent concentration of the selected mobile-phase com- 
ponent than the downstream portion. Given sufficient 
time for diffusion to occur, the mobile-phase holding 
conduit 21 along Its length may contain mobile phase 
that exhibits a smooth gradient of the selected mobile- 
phase component. By proper choice of the concentra- 
tion of the selected mobile-phase component in a mo- 
bile-phase source, the gradient of the selected mobile- 
phase component may Increase or decrease along the 
length of the mobile-phase holding conduit 21 In a down- 
stream direction. 

[0039] In addition, as shown In FIG. 1 B, fluid sample 
is introduced into the sample inlet port 72 to fill the sam- 
ple introduction conduit 67. Typically, the combination so 
of the sample introduction conduit 67 and conduit 75C 
holds a predetermined volume (I.e., a plug) of sample 
therein. Once a desired gradient is formed In the mobile- 
phase holding conduit 21, the switching plate 60, as in- 
dicated in FIG. 1 C is slidably rotated to provide commu- 35 
nicatlon between the mobile-phase holding conduit 21 
and the separation conduit 19. A pressurizing means 
(not shown) provides a motive force to deliver the mobile 
phase contained in the mobile-phase holding conduit 21 
through the sample Introduction conduit 67 and Into the 40 
separation conduit 1 9. As a result, the fluid sample con- 
tained within the sample introduction conduit 67 Is con- 
veyed though the separation conduit 19. Typically, sep- 
aration within the separation conduit 19 is carried out 
using a mobile-phase flow rate of ho more than about 1 45 
\iUrD\n. However, flow rates of about 0.01 \iUm\n to 
about 1 0 fiLVmin may be employed, with flow rates of . 
about 0.1 ^lLymin.to about 2 ^L/min preferred. The fluid 
sample is then separated into sample components ac- 
cording to a specific component property and emerges so 
from an outlet port 47 at the terminus 26 of the separa- 
tion conduit. The outlet port 47 may be Interfaced with 
a collector, such as asample vial, plate, or capillary. The 
collector may serve as a storage device or represent an 
intermediary to another device that uses and/or analyz- 55 
es collected sample fractions. Alternatively, an analyti- 
cal device such as a mass spectrometer may be directly 
or indirectly Interfaced with the outlet port 47 for fraction 



analysis. 

[0040] Although a plurality of Inlet ports is depicted as 
arranged along the length of the mobile-phase holding 
conduit in FIG. 1, this configuration Is not a necessity, 
FIG. 2 illustrates another version of the Inventive micro- 
fluidic device 10. similar to that depicted in FIG. 1 except 
that the mobile-phase holding conduit 21 of the Integrat- 
ed gradient-generation means has a single inlet port 48 
located at its upstream terminus rather than a plurality 
of inlet ports arranged along the length of the mobile- 
phase holding conduit. In addition, the Integrated gradi- 
ent-generation means includes an additional switching 
plate 80 that contains a mobile-phase Introduction con- 
duit 82 to provide the mobile-phase holding conduit 21 
with alternating fluid communication with a plurality of 
mobile-phase sources indicated at 49 and 51 , and each 
source containing a different concentration of the select- 
ed mobile-phase component for gradient formation. As 
shown in FIG. 2A, a first mobile-phase source 49 is pro- 
vided fluid communication through the mobile-phase In- 
troduction conduit 82 with the mobile-phase holding 
conduit 21 of the microfluidic device 10, while a second 
mobile-phase source 51 Is fluldly isolated from the mo- 
bile-phase holding conduit 21. FIG. 2B illustrates that 
the second mobile-phase source 51 may be provided 
fluid communication with the mobile-phase holding con- 
duit 21 through the mobile-phase introduction conduit 
82 while the first mobile-phase source 49 Is fluldly Iso- 
lated from the mobile-phase holding conduit 21. 
[0041] By providing the mobile-phase holding conduit 
21 with alternating fluid communication In a predeter- 
mined loading sequence with mobile-phase sources 49 
and 51, the mobile-phase holding conduit 21 may be 
filled with a mobile phase having a concentration profile 
of the selected mobile-phase component along the 
length of the mobile-phase holding conduit 21. As be- 
fore, given sufficient time for diffusion to occur, the mo- 
bile phase along the length of the mobile-phase holding 
conduit 21 may come to contain a smooth gradient of 
the selected mobile-phase component. For example, 
the first mobile-phase source 49 may contain the select- 
ed mobile-phase component in a pure form, and the sec- 
ond mobile-phase source 51 may contain a fluid that 
does not contain the selected mobile-phase component. 
Plugs of increasing volume of fluid from the first mobile- 
phase source 49 are alternatingly Introduced through In- 
let port 48 into the mobile-phase holding conduit 21 with 
plugs of Identical volumes of fluid from the second mo- 
bile-phase source 51. Such alternating introduction can 
be effected through a number of valve actuation tech- 
nologies including those that employ computer-aided 
control. After sufficient time has elapsed to allow for dif- 
fusion of the selected mobile-phase component, the mo- 
bile-phase holding conduit 21 will exhibit a smooth and 
increasing gradient of the selected mobile-phase com- 
ponent along Its length In an upstream direction, as in- 
dicated by arrow A. Once the desired gradient is formed 
In the mobile-phase holding conduit 21. the mobile 
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phase may be delivered Into a separation conduit 19 In 
order to separate the components of a sample, as illus- 
trated in FIG. 2C. 

[0042] In another embodiment, the invention relates 
to a microfluldic device for separating the components 5 
of a fluid sample. The microfluldic device comprises a 
gradient-generation means, a separation conduit for 
separating the components of a fluid sample according 
to a specific component property, as well as a means 
for Introducing mobile phase from the gradient-genera- 
tlon means. The gradient-generation means Is con- 
structed from a substrate and a cover plate. A piicro- 
channel is formed in a surface of the substrate and has 
an upstream terminus and a downstream terminus. The 
cover plate Is arranged over the substrate surface and, is 
in combination with the microchannel, forms a mobile- 
phase holding conduit having a length defined by the 
upstream terminus and the downstream terminus. A plu- 
rality of inlet ports is arranged along the length of the 
mobile-phase holding conduit, and an outlet port Is lo- 20 
cated downstream from the inlet ports of the mobile- 
phase holding conduit. Each of the Inlet ports may fluldly 
communicate with the same or different sources of mo- 
bile phase as described below. 

[0043] Generally, Increasing the number of inlet ports 25 
for the mobile-phase holding conduit will provide greater 
control in gradient generation. Thus, the mobile-phase 
holding conduit may have any number of inlet ports 
greater than two. It Is generally preferred that the inlet 
ports be evenly spaced along the length of the mobile- so 
phase holding conduit, particularly when the mobile- 
phase holding conduit represents a gradient-generation 
means that comprises a cascade of conduits that split 
and mix streams of liquids (for example, water and 
methanol). A similar cascade is generally described In 35 
Whitesldes et al. (2001 ). "Flexible Methods for Microflu- 
Idlcs," Physics Today 52(6) :42-47. As described in Wh- 
itesides et al., the cascade may be employed in tech- 
niques that Involve the Immobilization of cells In a pat- 
tern on a surface of a microfluldic device wherein the 40 
cells are exposed to fluids containing appropriate rea- 
gents. Splitting of streams of liquid occurs at T-junctions 
between mixing channels and distribution channels. At 
steady state, the ultimate result of this splitting and mix- 
ing Is the generation of a stepwise concentration gradi- 45 
ent. However, the fluids may be delivered as a linear 
gradient of an appropriate reagent, e.g., a dye gradient, 
formed by diffuse mixing through a network of micro- 
channels. 

[0044] FIG. 3 Illustrates an example of such a cas- so 
cade on a microfluldic device i 0 similar to that illustrated 
in FIG. 1 . The cascade Is depicted as a collection of mi- 
crocondults formed from the combination of microchan- 
nels on a substrate and a cover plate, although this is 
not a necessity. The gradient-generation means In- ss 
eludes a mobile-phase holding conduit 21 having an up- 
stream terminus 28 and a downstream terminus 30. Five 
Inlet ports, Indicated at 48A, 48B, 48C, 48D, and 48E, 



are evenly spaced along Its length. An outlet port 52 Is 
located at the downstream terminus 30. As shown, no 
inlet port is located at either terminus of the mobile- 
phase holding conduit. Three distribution conduits, indi- 
cated at 90, 100, and 110, are arranged In parallel dis- 
position in successively increasing distances to the mo- 
bile-phase holding conduit 21. Each successive distri- 
bution conduit from the mobile-phase holding conduit 21 
has the same. number of outlet ports as the preceding 
conduit. However, each successive distribution conduit 
from the mobile-phase holding conduit 21 has one fewer 
inlet port than the preceding conduit. Thus, distribution 
conduit 90 has five outlet ports 91 A, 91 B, 91 C, 91 D, and 
91 E, and four inlet ports 92A, 928, 92C, and 92D; dis- 
tribution conduit 100 has four outlet ports 101 A, 1018, 
101C, and 101D, and three inlet ports 102A, 102B, and 
1 02C; and distribution conduit 110 has three outlet ports 
111A, 1118, and 111C, and two inlet ports 112A and 
1 1 28. Each outlet port of each distribution conduit f luidty 
communicates via a mixing conduit with an Inlet port of 
a successive conduit. Each inlet port of the distribution 
conduits is located between two outlet ports of the same 
distribution conduit. 

[0045] The gradient-generation process is now de- 
scribed. Turning to distribution conduit 110, inlet ports 
112A and 1128 are provided fluid communication with 
two sources of mobile phase, each holding a different 
concentration of the selected mobile-phase component 
for which a gradient Is to be generated. Typically, one of 
the mobile-phase sources (In this case, the mobile- 
phase source communicating with inlet port 1 1 2A, holds 
a first mobile phase of the selected mobile-phase com- 
ponent while the other mobile-phase source (in this 
case, the mobile-phase source cpmmunicating with inlet 
port 1128 holds a second mobile phase that contains 
another selected mobile-phase component altogether. 
When mobile phases from the mobile-phase sources 
are Introduced into distribution conduit 110. the first and 
second mobile phases will preferentially fill the portion 
of the conduit closest to their associated Inlet ports. 
Thus, the first mobile phase will preferentially fill the por- 
tion of distribution conduit 1 1 0 closer to outlet port 1 1 1 A, 
and the isecond mobile phase will preferentially fill the 
portion of the distribution conduit 1 10 closer to terminus 
111c. Mixing channel 1 1 5A will contain only the first mo- 
bile phase, and mixing channel 115C will contain only 
the second mobile phase. 

[0046] However, as mixing channel 1158 lies be- 
tween Inlet ports 112A and 1128, mixing channel 1158 
will contain both mobile phases. Thus, the inlets along 
distribution conduit 100 will provide mobile phases con- 
taining increasing concentrations the selected mobile 
phase along the length of the distribution conduit from 
outlet 101 A to outlet 101 D. It should be evident that this 
mixing and redistribution process Is repeated for each 
of the distribution conduits to result in the generation of 
a smooth gradient in the mobile-phase holding conduit 
21 . Optionally, a plurality of waste/exhaust ports Indicat- 
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ed at 1 21 is provided in fluid communication with mobile- 
phase holding conduit to allow any air or other fluid con- 
tained in the mobile-phase holding conduit to be dis- 
placed during the gradient generation process. As 
shown, the waste/exhaust ports may fluidly communi- 
cate with each other through converging conduits 123 
at gradient outlet 125. Once a gradient Is generated in 
the mobile-phase holding conduit 21, a pressurizing 
means (not shown) may be employed to provide a mo- 
tive force to deliver the mobile phase contained In the 
mobile-phase holding conduit into the separation con- 
duit 19 to carry out separation processes as described 
above and elsewhere herein. 
[0047], In order to ensure the proper formation of a 
smooth gradient, the following considerations should be 
addressed. First, the residence time of the fluids in the 
mixing conduits should be sufficiently long to ensure 
near-complete mixing. Second, the flow resistance of 
the mixing conduits should be significantly greater than 
the flow resistance of the distribution and holding con- 
duits. This minimizes backflow into the mixing conduits 
as the concentration gradient is pumped out of the hold- 
ing conduit. Third, the characteristic length of the cas- 
cade should be long enough to prevent destruction of 
the gradient by complete diffuse mixing while it is waiting 
to be pumped into the separations. However, as dis- 
cussed above, some degree of diffusion may be bene- 
ficial in smoothing of the concentration steps. Finally, 
additional design considerations, such as tailoring of the 
dimensions of each individual mixing conduit, can be 
made to account for differences in viscosity between the 
two mobile phases. Although mobile phases having dif- 
ferent viscosities may be used, the following analyses 
assume that the mobile phases have the same viscosity 
and that the conduits are formed from conduits. 
[0048] With respect to residence time, a two-dimen- 
sional order of magnitude analysts assuming a uniform 
flow with no entrance length effects and no reflections 
at the conduit, yields the following dependence for the 
characteristic mixing length, L^: 

L^-a^u/2D=a.Pe/2 (1) 

where a is the half-width of the conduit, u Is the average 
flow velocity in the conduit, D Is the diffusion coefficient 
of the diffusing species, and Re is the Peclet number 
(which expresses the ratio of convective to diffusive 
transport). 

[0049] The gradient-generation cascade is designed 
such that the flow resistance of the mixing conduits is 
much greater than the flow resistance of the distribution 
and holding conduits. In this case, the flow resistance 
of the distribution conduits can be neglected, resulting 
In an equal distribution of the total volumetric flow rate, 
Q, among the mixing conduits. Each mixing conduit 
would then support a flow rate equal to the total flow. 



rate, Q, divided by the number of conduits in that stage 
of the cascade. Thus, the highest flow rates are encoun- 
tered at the first mixing conduits, resulting in the follow- 
ing order of magnitude estimate for the characteristic 
5 mixing length of conduits with a cross-sectional area giv- 
en by 2a * h (twice the half-width, multiplied by the depth 
of the conduit): 

10 L„-aQ/12Dh (2) 

[0050] Then, for example, the characteristic mixing 
length for a species with a diffusion coefficient of 1.28 
X10-6 cm2/s, a conduit with a depth h = a, and a total 

^5 volumetric flow rate of 300 nL/min, would be on the order 
of 330 urn. In summary, the mixing conduits should be 
at least three times the characteristic mixing length, 
which is directly proportional to the total volumetric flow 
rate and inversely proportlonal to the product of the dif- 

^0 fusion coefficient and the aspect ratio, h/a, of the con- 
duit. For a given diffusing species, we can reduce the 
mixing length by lowering the total flow rate and aspect 
ratio of the conduit. 

[0051 ] A more detailed analytical solution for the two- 
dimensional problem, including wall reflections, is given 
in Jeon etal. (2000), "Generation of solution and surface 
gradients using microfluidic systems," Langmuir 16: 
831 1 -831 6; and in Crank, The Mathematics of Diffusion, 
2nd Ed., Oxford University Press, Oxford, 1975, pp. 16. 

3^ The Netflow Module of FlumeCAD (Coventor, Inc., Cary, 
NC) has also been employed to calculate the mixing 
length for the conditions listed above. According to 
these simulations, near-complete mixing occurs at ap- 
proximately 1000 mm into the conduit, or approximately 

55 three characteristic mixing lengths away from the en- 
trance to the conduit. 

[0052] With respect to the flow resistance of the mix- 
ing conduits in relationship to the flow resistance of the 
distribution and holding conduits, the equivalent flow re- 
sistance of a flow conduit supporting fully developed 
laminar flow can be approximated by: 

R = |Ap/Q| = 128^iUicdh^ (3) 

45 

where Ap is the change in pressure, \l is the viscosity of 
the fluid, L is the length of the conduit, and dj, is the hy- 
draulic diameter of the conduit. The hydraulic diameter 
is defined as four times the cross-sectional area of the 

5^ conduit, divided by the perimeter of the cross section. 
The depth, h, of a shallow conduit dominates in the com- 
putation of the hydraulic diameter. 
[0053] The requirement that the flow resistance of the 
mixing conduits be much greater than the flow resist- 

55 ance of the distribution and holding conduits can be ex- 
pressed as: 
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(dh)dist'*/'-jjgj» (dh)mix "^/Lmlx (4) 

[0054] The characteristic length of the cascade, A, 
and the diffusion coefficient of the diffusing species are 
the parameters that determine the stability of the gradi- 
ent in the holding conduit as the gradient is waiting to 
be introduced into the separation conduit. From a sim- 
ulation of the concentration of water and methanol in the 
holding conduit as a function of time for a conduit 200 
Jim wide, a characteristic length of 5000 |iim, and nine 
gradient steps (i.e., a gradient cascade of order 9), a 
smooth gradient is formed after about one minute and 
is stable for at least 50 minutes. . 
[0055] Thus, the invention also relates to a microflu- 
idic device haying an integrated mobile-phase source. 
The microfluidic device comprises a substrate having a 
microchannel formed in a surface thereof and a cover 
plate arranged over the substrate surface. The cover 
plate In combination with the microchannel defines a 
separation conduit for separating the components of a 
fluid sample according to a specific component property 
and has an inlet port and an outlet port. An integrated 
mobile-phase source is provided, which comprises a mi- 
croconduit having a length defined by an upstream ter- 
minus and a downstream terminus. The microconduit 
contains a mobile phase that exhibits a gradient of a se- 
lected mobile-phase component along the length of the 
microconduit. The integrated mobile-phase source is ar- 
ranged to allow the mobile phase to be transported 
through the inlet port into the separation conduit and out 
of the outlet port. 

[0056] Through proper microfluidic device design and 
construction, it is now possible to use no more than 
about 100 |iL of fluid to produce a mobile phase con- 
taining a gradient of the selected mobile-phase compo- 
. nent to carry out gradient chromatography. Preferably, 
no more than about 50 |xL of fluid is used to produce the 
gradient-containing mobile phase. Optimally, no more 
than about 1 0 ^iL of fluid is used produce the gradient- 
containing mobile phase. The gradient-containing mo- 
bile phase is used to convey a fluid sample through the 
separation conduit, thereby separatirig the components 
of the fluid sample. 

[0057] From the above, it is evident that the invention, 
in addition to providing a device for separating the com- 
ponents of a fluid, also provides a microfluidic device for 
producing a flow of mobile phase. The device comprises 
a mobile-phase source and a pressurizing means. The 
mobile-phase source comprises a mobile-phase hold- 
ing microconduit having a length defined by an up- 
stream terminus and a downstream terminus, and an 
outlet port located at the downstream terminus, and a 
mobile phase, contained in the mobile-phase holding 
microconduit, that exhibits differing concentrations of 
selected mobile-phase component along the length of 
the mobile-phase holding microconduit. The pressuriz- 



ing means allows for the pressurization of the microcon- 
duit to force the mobile phase within the microconduit to 
flow toward the downstream terminus along the length 
of the microconduit and out the outlet port. Any number 

5 of pressurizing means known in the art may be used and 
include, for example, syringes, pumps, pressurized gas- 
es, etc. Although electroklnetic forcies may be used as 
well, they are not preferred. Such forces are dependent 
on the concentration of the mobile phase and the elec- 

10 trokinetic mobility will vary along any flow path exhibiting 
a gradient, leading to difficulties in control over mobile 
phase movement. 

[0058] The mobile-phase as described above, may be 
produced by any of a number of different techniques, 

15 described herein with references to FIGS. 1-3, in the 
context of chemical separation using a gradient-contain- 
ing mobile phase. However, mobile phases may also be 
employed in the context of fields other than chemical 
separation. In addition, it should be apparent the gradi- 

20 ent-generation means as described abovie may be 
adapted to produce a mobile phase that contains differ- 
ent concentrations of a selected mobile-phase compo- 
nent at different locations within a mobile phase. 
[0059] Thus, the invention also generally relates to a 

25 microfluidic device for producing a flow of mobile phase, 
wherein a producing means is provided to generate a 
gradient of a selected mobile-phase component in a mo- 
bile phase, to produce a mobile phase exhibiting differ- 
ent concentration of a selected mobile-phase compo- 
se nent in different locations within the mobile phase, or 
both. Such a producing means typically comprises a 
mobile-phase-holding microconduit having a length de- 
fined by an upstream terminus and a downstream ter- 
minus, an outlet port located at the downstream termi- 

35 nus, and at least one inlet port in fluid communicatiori 
with the mobile-phase holding microconduit upstream 
from the outlet port. A plurality of mobile-phase sources 
are also provided, wherein each source contains a mo- 
bile phase having a different concentration of a selected 

40 mobile-phase component. An Introduction means intro- 
duces plugs of mobile phase from the mobile-phase 
sources through the at least one inlet port into the mo- 
bile-phase holding conduit such that the plugs are ar- 
ranged in a predetermined order along the length of the 

-^5 mobile-phase holding conduit. As illustrated in FIG. 2, 
the introduction means may be formed at least in part 
by a switching structure. 

[0060] FIGS. 4 and 5 illustrate two additional switch- 
ing structures that may be employed as an introduction 
50 means. FIG 4 illustrates a microfluidic switching struc- 
ture similar to that described in U.S. Serial No. 
09/908,231 . The switching structure employs rotational 
motion to controllably introduce a plug of a mobile 
phase. As Illustrated In FIG. 4A, the switching structure 
55 10 includes a substrate 12 comprising first and second 
substantially planar opposing surfaces indicated at 14 
and 16, respectively. The substrate 12 has six conduits, 
indicated at 17A, 17B, 17C, 17D, 17E and 17F that ex- 
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tend through surfaces 14 and 16 and that represent the 
vertices of an equilateral hexagon. 
[0061 ] The switching structure 1 0 also includes a cov- 
er plate 40 that is complementartly shaped with respect 
to the substrate 12 and has first and second substan- 5 
tially planar opposing surfaces indicated at 42 and 44, 
respectively. The contact surface 42 of the cover plate 
40 is capable of interfacing closely with the contact sur- 
face 14 of the substrate 12 to achieve fluid-tight contact 
between the surfaces. The cover plate 40 js substantial- io 
ly immobilized over the substrate contact surface 14. 
The cover plate 40 includes a variety of features. As 
shown, a first cover plate conduit 48A is provided ex- 
tending through the cover plate In a direction orthogonal 
to the coyer plate contact surface 42 to provide commu- i5 
nication between surfaces 42 and 44. The first cover 
plate conduit 48A is arranged to communicate with the 
conduit 17A of the substrate 12 and enables passage 
of first mobile phase from a first mobile phase source 
(not shown) through conduit 17A to communicate with 20 
switching plate 120 as discussed below. Two additional 
cylindrical conduits, indicated at 53A and 48B are pro- 
vided fluid communication with conduits 17F and 17C, 
respectively. 

[0062] A linear channel 53B having two termini, indl- 25 
cated at 53C and 53D, is located in contact surface 42, 
The termini 53C and 53D fluldly communicate with con- 
duits 17E and 17B, respectively. The termini 53C and 
53D in combination with conduits 48A, 488 and 53A 
represent five of six vertices of an equilateral hexagon. 30 
Accordingly, each of the conduits Is located the same 
distance from the center point of the channel 538. As 
discussed above, the cover plate 40 is substantially im- 
mobilized over the substrate contact surface 14. As a 
result, substrate surface 1 4 in combination with channel 35 
538 forms a conduit 55, which sen/es as a plug holding 
chamber, discussed below. Alternatively, the linear 
channel 538 may be provided on substrate surface 14. 
In such a case, termini 53C and 53D would coincide In 
location with conduits 178 and 17E, respectively. 40 
[0063] As shown in FIG. 4A, the switching plate 120 
has a substantially planar and circular contact surface 
122 and an opposing surface 124. Three curved fluid- 
transporting channels, indicated at 126, 128 and 130, 
are each located on contact surface 1 22. The three fluid- « 
transporting channels lie along a circle having a diame- 
ter equal to the length of channel 538. Each fluid-trans- 
porting channel has two termini: termini 1 26A and 1 268 
are associated with channel 126, termini 128A and 
1288 are associated with channel 128, and termini so 
130A and 1308 are associated with channel 130. The 
switching plate contact surface 122 may be placed in 
slidable and fluid-tight contact with substrate surface 1 6. 
As a result, the fluid-transporting channels, 126, 128 
and 130, In combination with substrate surface 1 6, form ss 
three curved conduits, 126C, 128C, 130C, respectively. 
[0064] Depending on the relative orientation of the 
switching plate and the substrate, at least two possible 



flow paths configurations can be created. As shown in 
FIG. 4B, the first flow path configuration allows a first 
mobile phase from a first mobile-phase source to travel, 
in order, through conduit 48A, conduit 17A, conduit 
126C, conduit 178. conduit. 55. conduit 17E, conduit 
128C, conduit 17F and conduit 53A. The first flow path 
configuration also allows a second mobile phase from 
a second mobile-phase source (not shown) to travel, in 
order, through conduit 488, conduit 17C, conduit 130C, 
and conduit 17D. Typically, the first and second mobile- 
phase sources contain differing concentrations of a mo- 
bile phase component. By rotating the switching plate 
120 60° about its center, a second flow path configura- 
tion results, as shown in FIG. AC. The second flow path 
configuration allows the first mobile phase to travel, in 
order, through conduit 48A. conduit 17A, conduit 126C, 
conduit 17F, and conduit 453A. In addition, the second 
flow path configuration allows the second mobile phase 
to travel, in order, through conduit 488, conduit 17C, 
conduit 130C, conduit 178, conduit 55, conduit 17E, 
conduit 128C and conduit 17D. 
[0065] in use. the switching plate 1 20 of the switching 
structure is arranged to result in a first flow path config- 
uration as discussed above. A pressurizing means de- 
liver a second mobile phase from a second mobile- 
phase source through mobile phase inlet conduit 48B, 
conduit 17C, conduit 130C, and conduit 17D. (n addi- 
tion, a first mobile phase is conveyed from the first mo- 
bile-phase source through conduit 48A. As a result, the 
first mobile phase forms a contiguous body of fluid that 
flows, through conduit 48A, conduit 17A, conduit 126C,' 
conduit 178, conduit 55, conduit 17E, conduit 128C, 
conduit 1 7F and conduit 53A. The mobile phase emerg- 
ing from conduit 53A may be collected and recycled. 
Thus, conduit 55 is filled with a plug of the first mobile 
phase. 

[0066] By forming a second flow path configuration as 
discussed above, the conduit 55 is now positioned in the 
flow path of the mobile phase entering the switching 
structure through conduit 488. That is, the second mo- 
bile phase is now pumped through a flow path that trav- 
els, in order, through conduit 488, conduit 17C, conduit 
130C, conduit 178, conduit 55, conduit 17E, conduit 
1 28C and conduit 1 7D. Thus, the first mobile phase with- 
in conduit 55 is also forced through conduit 17D. It 
should be evident, then, that by rotating the substrate of 
the switching assembly, a first mobile-phase plug having 
a volume defined by conduit 55 is controllably intro- 
duced from a first mobile-phase source through conduit 
17D followed by a second mobile phase. By providing 
fluid communication between conduit 17D and an inlet 
of a mobile-phase holding conduit (not shown), the mo- 
bile-phase holding conduit may be filled with a mobile 
phase that contains a first mobile-phase plug down- 
stream from a second mobile-phase plug, thereby form- 
ing an overall mobile phase, contained in the mobile- 
phase holding conduit, that exhibits differing concentra- 
tions of a mobile phase component. 
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[0067] FIG. 5, illustrate a switching structure that em- 
ploys rotational motion to controllably Introduce plug of 
a first mobile phase, followed by, in order, a plug of a 
second mobile phase and the first mobile phase through . 
a conduit. Like the switching structure illustrated in FIG. 5 
4, the switching structure Illustrated In FIG, 5 also em- 
ploys rotational motion to controllably introduce a plug 
of a mobile phase. The switching structure 10 includes 
a substrate 12 and a switching plate 120 each having 
contact surface in slidable and fluid-tight relationship io 
with each other. Eight conduits indicated at 17A, 17B, 
17C, 17D, 17E, 17F, 17G and 17H, extend through the 
substrate and represent the vertices of an equilateral oc- 
tagon. 

[0068] The contact surface of the switching plate has is 
located thereon four cun/ed fluid-transporting channels. 
The four fluid-transporting channels lie along a circle 
having a diameter equal to the distance between two 
substrate conduits located farthest from each other. As 
a result, the fluid-transporting channels, in combination 20 
with substrate contact surface, form four conduits, 
126C, 128C, 130C and 132C, as shown in FIG. 5. 
[0069] Furthermore, two microconduits, indicated at 
134 and 136, are provided as plug-holding chambers. 
l\/licroconduit 134 provides fluid communication be- 25 
tween substrate conduits 17B and 17D, and microcon- 
duit 136 provides fluid communication between sub- 
strate conduits 17E and 17H. Such microconduits may 
comprise, for example, commercially. available capillary 
tubing. Depending on the relative orientation of the 30 
switching plate and the substrate, at least two possible 
flow paths configurations can be created. As shown in 
FIG. 5A, the first flow path configuration allows a first 
mobile phase from a first mobile-phase source (not 
shown) to travel, in order, through conduit 17A, conduit 35 
126C, conduit 17B, conduit 134, conduit 17D, conduit 
128C and conduit 17C. The first flow path configuration 
also allows a second mobile phase from a second mo- 
bile-phase source (not shown) to travel, in order, 
through conduit 17G, conduit 132C, conduit 17H, con- 40 
duit 136, conduit 17E, conduit 130C, and conduit 17F. 
This configuration allows plug-holding chamber 134 to 
be filled by the first mobile phase and plug holding cham- 
ber 1 36 to be filled by the second mobile. By rotating the 
switching plate 120 45** about its center, a second flow 45 
path configuration results, as shown in FIG. 58. The 
second flow path configuration forms a first flow path 
extending, in order, through conduit 17A, conduit 126C, 
conduit 17H, conduit 136, and conduit 17E. conduit 
130C, conduit 17D, conduit 134, conduit 17B, conduit so 
128C and conduit 17C. The second flow path configu- 
ration also forms a second flow path extending, in order, 
through conduit 17G, conduit 132C, and conduit 17F. 
Thus, by rotating the substrate of the switching assem- 
bly, a first mobile-phase plug defined by conduit 134 is ss 
introduced through conduit 17C followed by a second 
mobile-phase plug defined by conduit 136, which is fol- 
lowed by additional first mobile phase. By providing fluid 



communication between conduit 17C and an inlet of a 
mobile-phase holding conduit (not shown), the mobile- 
phase holding conduit may be filled with a mobile phase 
that contains a first mobile-phase plug downstream from 
a second mobile-phase plug, which is downstream from 
an additional first mobile-phase plug, thereby forming 
an overall mobile phase, contained in the mobile-phase 
holding conduit, that exhibits differing concentrations of 
a mobile phase component. 

[0070] Thus, the invention provides, in yet another 
embodiment, a method for producing a flow of mobile 
phase. A mobile-phase source is provided comprising 
a mobile-phase-holding microconduit having a length 
defined by an upstream terminus and a downstream ter- 
minus, and an outlet port located at the downstream ter- 
minus, and a mobile phase, contained in the mobile- 
phase holding microconduit, that exhibits differing con- 
centrations of selected mobile-phase component along 
the length of the microconduit a substrate. The mobile- 
phase holding microconduit is pressurized to force the 
mobile phase within the mobile-phase holding micro- 
conduit to flow toward the downstream terminus along 
the length of the microconduit and out of the outlet port. 
Optionally, at least one inlet port is provided fluid com- 
munication with the mobilerphase holding microconduit, 
wherein the outlet port is located downstream from the 
at least one inlet port of the mobile-phase holding mi- 
croconduit. In such a case, a plurality of mobile-phase 
sources may be provided as well, each containing a mo- 
bile phase, wherein each mobile phase contains a dif- 
ferent concentration of a selected mobile-phase compo- 
nent. Plugs of mobile phase from the mobile-phase 
sources are introduced through the at least one inlet port . 
into the mobile-phase holding microconduit such that 
the plugs are arranged In a predetermined order along 
the length of the mobile-phase holding conduit. 
[0071] In any of the above embodiments, suitable ma- 
terials for forming the substrates and cover plates are 
selected with regard to physical and chemical charac- 
teristics that are desirable for proper functioning of the 
microfluidic device. In all cases, the substrate must be 
fabricated from a material that enables formation of high 
definition (or high "resolution") features, i.e., microchan- 
nels, chambers, and the like, that are of micrometer or 
submicrometer dimensions. That is, the material must 
be capable of microfabrication using, e.g., dry etching, 
wet etching, laser etching, laser ablatiori, molding, em- 
bossing, or the like, so as to have desired miniature sur- 
face features; preferably, the substrate is capable of be- 
ing microfabricated in such a manner as to form features 
in, on, and/or through the surface of the substrate. 
Microstructures can also be formed on the surface of a 
substrate by adding material thereto. For example, pol- 
ymer channels can be formed on the surface of a glass 
substrate using photo-lmageable polyimide. In addition, 
a plurality of pieces or layers may be assembled to result 
in the formation of a substrate having a feature in, on, 
and/or through the surface of the substrate. Thus, for 
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example, a substrate having a channel located on a sur- 
face thereof may be formed from two layers, a first solid 
layer affixed to a second layer having a through-hole 
that in combination with the first solid layer form the 
channel. Also, all device materials that are used should 
be chemically inert and physically stable (e.g., in terms 
of pH, electric fields, etc.) with respect to any substance 
with which they come into contact when used to intro- 
duce a fluid sample. Suitable materials for forming the 
present devices include, but are not limited to. polymeric 
materials, ceramics (including aluminum oxide and the 
like), glass, metals, composites, and laminates thereof. 
[0072] Polymeric materials are particularly preferred 
herein, and will typically be organic polymers that are 
either homopolymers or copolymers, whether naturally 
occurring or synthetic, and crosslinked or un- 
crosslinked. Specific polymers of interest include, but 
are not limited to, polyimides, polycarbonates, polyes- 
ters, polyamides, polyethers, polyurethanes, polyfluor- 
ocarbons, polystyrenes, poly(acrylonitrile-butadiene- 
styrene)(ABS), acrylate and acrylic acid polymers such 
as polymethyl methacrylate, other substituted and un- 
substituted polyolefins, and copolymers thereof. Gener- 
ally, at least one of the substrate and cover plate com- 
prises a biofoullng-resistant polymer when the microf lu- 
idic device is employed to transport biological fluids. 
Polyimide is of particular interest and has proven to be 
a highly desirable substrate material in a number of con- 
texts. Polyimides are commercially available, e.g.. un- 
der the tradename Kapton®, (DuPont, Wilmington, DE) 
and Upilex® (Ube Industries, Ltd., Japan). Poly- 
etheretherketones (PEEK) also exhibit desirable bio- 
foullng-resistant properties. 

[0073] The devices of the invention may also be fab- 
ricated from a "composite," i.e., a composition com- 
prised of unlike materials. The composite may be a 
block composite, e.g., an A-B-A block composite, an 
A-B-C block composite, or the like. Alternatively, the 
composite may be a heterogeneous combination of ma- 
terials, i.e., in which the materials are distinct separate 
phases; or it may be a homogeneous combination of un- 
like materials. As used herein, the term "composite" is 
used to Include a "laminate" composite. A "laminate" re- 
fers to a composite material formed from several differ- 
ent bonded layers of Identical or different materials. Oth- 
er preferred composite substrates include polymer lam- 
inates, polymer-metal laminates (e.g., polymer coated 
with copper), ceramic-in-metal composites, or polymer- 
in-metal composites. One preferred composite material 
is a polyimide laminate formed from a first layer of poly- 
imide, such as KaptonCg), that has been co-extruded with 
a second, thin layer of a thermal adhesive form of poly- 
imide known as KJ®, also available from DuPont (Wilm- 
ington, Delaware). 

[0074] The present microfluidic devices can be fabri- 
cated using any convenient method, including, but not 
limited to, micromolding and casting techniques, em- 
bossing methods, surface micrpmachining, and bulk- 



micromachlning. The latter technique involves forma- 
tion of microstructures by etching directly Into a bulk ma- 
terial, typically using wet chemical etching or reactive 
ion etching ("RIE"). Surface micromachining involves 

5 fabrication from films deposited on the surface of a sub- 
strate. An exemplary surface micromachining process 
Is known as "LIGA." See, for example, Becker et al. 
(1 986), "Fabrication of Microstructures with High Aspect 
Ratios and Great Structural Heights by Synchrotron Ra- 

10 diation Lithography Galvanoforming and Plastic Mould- 
ing (LIGA Process)," Microelectronic Engineering 4{1): 
35-36; Ehrfeld et al, (1988), "1988 LIGA Process: Sen- 
sor Construction Techniques via X-Ray Lithography," 
Tech. Digest from IEEE Solid-State Sensor and Actuator 

15 Workshop, Hilton Head, SC; Guckel et al. (1 991 ) J. Mi- 
cromech. Microeng. V. 135-138. LIGA involves deposi- 
tion of a relatively thick layer of an X-ray resist on a sub- 
strate followed by exposure to high-energy X-ray radia- 
tion through an X-ray mask, and removal of the irradiat- 

20 ed resist portions using a chemical developer. The LIGA 
mold so provided can be used to prepare structures hav- 
ing horizontal dimensions-i.e., diameters-on the order 
of micrometers. 

[0075] Another technique for preparing the present 

25 microfluidic devices is laser ablation. In laser ablation, 
short pulses of intense ultraviolet light are absorbed in 
a thin surface layer of material. Preferred pulse energies 
are greater than about 100 millijoutes per square cen- 
timeter, and preferred pulse durations are shorter than 

30 about 1 microsecond. Under these conditions, the in- 
tense ultraviolet light photo-dissociates the chemical 
bonds in the substrate surface. The absorbed ultraviolet 
energy Is concentrated in such a smaill volume of mate-, 
rial that it rapidly heats the dissociated fragments and 

35 ejects them away from the substrate surface. Because 
these processes occur so quickly, there is no time for 
heat to propagate to the surrounding material. As a re- 
sult, the surrounding region is not melted or.otherwise 
damaged, and the perimeter of ablated features can 

40 replicate the shape of the incident optical beam with pre- 
cision on the scale of about one micrometer or less. La- 
ser ablation will typically involve use of a high-energy 
photon laser, such as an excimer laser of the F2. ArF, 
KrCI, KrF. or XeCI type. However, other ultraviolet light 

45 sources with substantially the same optical wavelengths 
and energy densities may be used as well. Laser abla- 
tion techniques are described, for example, by Znotins 
et al. (1987) Laser Focus Electro Optics, at pp. 54-70. 
and in U.S. Patent Nos. .5.291,226 and 5.305,015 to 

50 Schantzetal. 

[0076] The fabrication technique that is . used must 
provide for features of sufficiently high definition, i.e.. mi- 
croscale components, channels, chambers, etc., such 
that precise "microalignment" of these features Is pos- 

55 sible, i.e., the features must be capable of precise and 
accurate alignment, including, for example, the align- 
ment of complementary microchannels with each other, 
the alignment of projections and mating depressions. 
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the alignment of grooves and mating ridges, and the like. 
[0077] For any of the Inventive devices, the fluid- 
transporting features may be formed, independently or 
othenwise, through laser ablation or other techniques 
discussed below or known in the art. It will be readily 
appreciated that, although the microchannels have 
been represented in a generally extended form, micro- 
channels for this and other embodiments can have a va- 
riety of configurations, such as a straight, serpentine, 
spiral, or any tortuous path. Further, the microchannels 
can be formed in a wide variety of crosssectional chan- 
nel geometries, including semi-circular, rectangular, 
rhomboidal, and the like; and the channels can be 
formed in a wide range of aspect ratios. 
[0078] In some instances, the substrate and the cover 
plate may be formed in a single, solid flexible piece. Mi- 
crofluidic devices having a single-piece substrate and 
cover plate configuration have been described, e.g., in 
U.S. Patent Nos. 5.658,413 and 5,882,571, each to 
Kaltenbach et al. However, the cover plate and sub- 
strate of the inventive device are typically formed as dis- 
crete components. In such a case, microalignment 
means described herein or known to one of ordinary skill 
In the art may be employed to align the cover plate with 
the substrate. To ensure that the conduit or conduits 
formed between the substrate and the cover plate are 
fluid-tight, pressure-sealing techniques may be em- 
ployed, e.g., by using external means (such as clips, 
tension springs, or an associated clamp), internal 
means (such as male and female couplings), or chem- 
ical means (e.g. , adhesive or welding) to hold the pieces 
together. As with all embodiments described herein, the 
pressure-sealing techniques may allow the contact sur- 
faces to remain in fluid-tight contact under an internal 
microfluidlc device fluid pressure of up to about 100 
megapascals, typically about O.5 megapascals to about 
40 megapascals. 

[0079] The separation conduit for the inventive device 
is constructed for separation as generally described in 
U.S. Serial No. 09/908,231. Aspects of known separa- 
tion technology may be incorporated in the practice of 
the present invention. For example, the microfluidic de- 
vice may further comprise separation media within a 
separation conduit, or a polymeric material formed in 
situ within the separation conduit. When ordinary liquid 
chromatography packing material is slurry-packed with- 
in the separation conduit, a frit structure, micromachined 
or othenwise, may be included near or at the sample out- 
let port. The frit structure serves to ensure that the pack- 
ing material is not displaced from within the sample con- 
duit when a fluid sample and/or a mobile phase are con- 
veyed through the conduit. In addition, it is preferred that 
the cross-sectional area of the separation conduit be re- 
duced downstream from the frit structure, particularly if 
the sample outlet port is a part of an electrospray tip as 
described, for example, In U.S. Serial No. 09/711,804 
("A Microfluidic device Having an Integrated Protruding 
Electrospray Emitter and a Method for Producing the Mi- 



crofluidic device"), inventors Brennen, Yin, and Killeen, 
filed on November 13, 2000. Alternatively, the separa- 
tion conduit may exhibit a high surface area-to-volume 
ratio. 

5 [0080] Thus, the conduit may exhibit any microma- 
chined structure appropriate for liquid chromatography. 
In addition, or in the alternative, the conduit may contain 
any of a number of known liquid chromatographic pack- 
ing materials. Such packing materials typically exhibit a 
10 surface area of about 1 00 m2/g to about 500 m2/g. The 
conduit may be adapted to separate fluid sample com- 
ponents, according to molecular weight, polarity, hydro- 
phoblcity, or other properties through techniques known 
to one of ordinary skill in the art (e.g.. through proper 
15 selection of packing materials). 

[0081] Similarly, an analyzer miay be interfaced with 
any portion of the flow path of the inventive microfluidic 
device, including the Inlet port. The analyzer may be, for 
example, a mass spectrometer, in which case the outlet 
port could be located within or adapted to deliver fluid 
sample to an ionization chamber. See U.S. Serial No. 
09/71 1 ,804 ("A Microfluidic device Having an Integrated 
Protruding Electrospray Emitter and a Method for Pro- 
ducing the Microfluidic device"), inventors Brennen. Yin. 
and Killeen, filed on November 13, 2000. In addition, 
mass spectrometry technologies are well known in the 
art and may involve, for example, laser desorption and 
ionization technologies, for which uses in conjunction 
with microfluidic devices are described in U.S. Patent 
Nos. 5,705,813 and 5,716,825. In the alternative or in 
addition, the analyzer may be a source of electromag- 
netic radiation configured to generate electromagnetic 
radiation of a predetermined wavelength. Depending on 
the intrinsic properties of the fluid sample and/or any 
molecular labels used, the radiation may be ultraviolet, 
visible, or infrared radiation. 

[0082] From the above description of the various em- 
bodiments of the invention, it is evident that a sample- 
introducing means appropriate to the desired separation 
process and the dimensions of the microfluidic device 
may be used to introduce a predetermined volume of 
fluid sample. Typically, the predetermined volume is less 
than about 5 ^L. Preferably, the predetermined volume 
is about 0.005 \lL to about 1 ^L. Optimally, the prede- 
termined volume is about 0.01 ^iL to about 0.1 ^iL. Ex- 
amples of sample-introducing means are described in 
U.S. Serial Nos.09/908.231 and 09/908.292. Additional 
sample-introducing means include, but are not limited 
to, syringes, micropipettes, Inkjet printheads. sippers. 
and other devices known in the art. 
[0083] Variations of the invention, not explicitly dis- 
closed herein, will be apparent to those of ordinary skill 
in the art. Other features may be included to carry out 
known reactions and processes, for example, reactions 
and processes associated with sample preparation, 
synthesis, and analysis. Such features may be formed 
from conduits and channels that provide for fluid flow in 
a parallel or a nonparallel direction with respect to the 
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contact surfaces: Moreover, cascades may be formed 
as channels on a single substrate surface, as features 
on a switching mechanism, or as an assembly of con- 
duits formed as a distinct and separate from the sepa- 
ration column. In addition, one of ordinary skill may 
adapt the structures and the components of structures 
discussed above to operate in combination, optionally 
with other microfluidic flow control mechanisms. In ad- 
dition to the use of diffusion to create a gradient, micro- 
mixers known the art may be incorporated to accelerate 
mixing. 

[0084] It Is to be understood that, while the Invention 
has been described in conjunction with the preferred 
specific embodiments thereof, the foregoing description 
is Intended to Illustrate and not limit the scope of the 
invention.. Other aspects, advaritages, and modifica- 
tions within the scope of the invention will be apparent 
to those skilled in the art to which the invention pertains. 
[0085] All patents, patent applications, and publica- 
tions mentioned herein are hereby Incorporated by ref- 
erence in their entireties. 



Claims 

1. A microfluidic device (10) for separating the com- 
ponents of a fluid sample, the microfluidic device 
comprising: 

a substrate (12) having a microchannel (18) 
formed in a surface (14) thereof; 
a cover plate (40) arranged over the substrate 
surface (14), the cover plate (40) In combina- 
tion with the microchannel (1 8) defining a sep- 
aration conduit (19) for separating the compo- 
nents of the fluid sample according to a specific 
component property, wherein the separation 
conduit (19) has an inlet port (72) and an outlet 
port (47); and 

an integrated gradient-generation means for 
generating a gradient of a selected mobile- 
phase component in a mobile phase, and 
adapted to allow the niobile phase from the gra- 
dient-generation means to be transported 
through the inlet port (72) into the separation 
conduit (19) and out of the outlet port (47). 

2. A microfluidic device (10) for separating the com- 
ponents of a fluid sample, the microfluidic device 
(10) comprising: 

a substrate (12) having a microchannel (18) 
formed In a surface (14) thereof; 
a cover plate (40) arranged over the substrate 
surface (14), such that the cover plate (40), in 
combination with the microchannel (18), de- 
fines a separation conduit (19) for separating 
the components of the fluid sample according 



to a specific component property, wherein the 
separation conduit (19) has an Inlet port (72) 
and an outlet port (47); and 
an integrated mobile-phase source comprising 

5 a microconduit (21 ) having a length defined by 

an upstream terminus and a downstream ter- 
minus, the microconduit (21) containing a mo- 
bile phase that exhibits a gradient of a selected 
mobile-phase component along the length of 

^0 the microconduit, 

. wherein the integrated mobile-phase source 
is arranged to allow the mobile phase to be trans- 
ported through the inlet port (72) Into the separation 
15 conduit (19) and out of the outlet port (47). 

3. A microfluidic device (10) for separating the com- 
ponents of a fluid sample, the microfluidic device 
(10) comprising: 

20 

(a) a gradient-generation means for generating 
a gradient of a selected mobile-phase compo- 
nent in a mobile phase comprising 

25 (i) a substrate (12) having a microchannel 

formed in a surface (14) thereof, wherein 
the microchannel has an upstream termi- 
nus and a downstream terminus, 
(ii) a cover plate (40) arranged over the 
30 substrate surface (14), wherein the cover 

plate, in combination with the microchan- 
nel, forms a mobile-phase holding conduit 
(21) having a length defined by the up- 
stream terminus and the downstream ter- 
35 minus, 

(ill) a plurality of inlet ports (48) arranged 
along the length of the mobile-phase hold- 
ing conduit, and 

(iv) an outlet port (52) located downstream 
from the Inlet ports (48)of the mobile-phase 
holding conduit; 

(b) a separation conduit (19) for separating the 
components of a fluid sample according to a 
specific component property; and 

(c) a means for introducing the mobile phase 
from the gradient-generation nieans into the 
separation conduit (1 9). 

50 4. The microfluidic device (1 0) of any preceding claim, 
further comprising separation media within the sep- 
aration conduit. 

5. The microfluidic device (10) of any preceding claim. 
55 further comprising a polymeric material formed in 

situ within the separation conduit. 

6. The microfluidic device (1 0) of any preceding claim, 
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wherein the separation conduit exhibits a high sur* 
face area-to-volume ratio. 

7. The microfluidic device (10) of any preceding claim, . 
wherein the component property is selected from 
the group consisting of molecular weight, polarity, 
hydrophobicity, and charge. 

8. The microfluidic device (1 0) of claim 1 , further com- 
prising two mobile-phase sources in fluid commu- 
nication with the integrated gradient-generation 

means, 

wherein at least one of the mobile-phase sources 
contains the selected mobile-phase component. 

9. A microfluidic device (10) for producing a flow of 
mobile phase, comprising: 

(a) mobile-phase source comprising 

(i) a mobile-phase holding microconduit 
(21) having a length defined by an up- 
stream terminus and a downstream tenni- 
nus, and an outlet port (52) located at the 
downstream terminus, and 

(ii) a mobile phase, contained in the mo- 
bile-phase holding microconduit (21), that 
exhibits differing concentrations of select- 
ed mobile-phase component along the 
length of the mobile-phase holding micro- 
conduit; and 

(b) a means for pressurizing the microconduit 
to force the mobile phase within the microcon- 
duit (21) to flow toward the downstream termi- 
nus along the length of the microconduit (21) 
and out the outlet port (52). 

10. A microfluidic device (10) for producing a flow of 
mobile phase, comprising: 

(a) a means for producing different concentra- 
tions of a selected mobile-phase component in 
different locations within a mobile phase com- 
prising 

(i) a mobile-phase-holding microconduit 
(21). having a length defined by an up- 
stream terminus and a downstream termi- 
nus, 

(ii) an outlet port (52) located at the down- 
stream terminus of the mobile-phase hold- 
ing microconduit (21), and 

(ill) at least one Inlet port (48) in fluid com- 
munication with the mobile-phase holding 
microconduit (21 ) upstream from the outlet 
port (52); 



(b) a plurality of mobile-phase sources each 
containing a mobile phase, 

wherein each mobile phase contains a different 
concentration of a selected mobile-phase com- 
5 ponent; 

(c) a means for introducing plugs of mobile 
phase from the mobile-phase sources through 
the at least one inlet port into the mobile-phase 
holding conduit (21) such that the plugs are ar- 

10 ranged In a predetermined order along the 

length of the mobile-phase holding conduit 
(21); and 

(d) a means for pressurizing the microconduit 
to force the mobile phase within the microcon- 

15 duit (21 ) to flow toward the downstream termi- 

nus along the length of the microconduit (21) 
and out the single outlet port (52). 

1 1 . The microfluidic device of either claim 9 or claim 1 0, 
20 further comprising a separation conduit (19) in fluid 

communication with the outlet port of the microcon- 
duit (52). 

12. A method for separating the components of a fluid 
25 sample, comprising: 

(a) providing a microfluidic device as claimed 
In any preceding claim; 

(b) using the integrated gradient-generation 
30 means to generate a gradient of the selected 

mobile-phase component in the mobile phase, 

(c) controllably introducing a predetermined 
volume of the fluid sample from a sample 
source into the separation conduit; and 

35 (d) conveying the fluid sample through the sep- 

aration conduit using a mobile phase, thereby 
separating the components of the fluid sample. 

13. The method of claim 12, further comprising, during 
40 or after step (d), (e) analyzing the fluid sample flow- 
ing in the separation conduit or from the outlet port 
of the separation conduit. 

14. The method of claim 12 or 13, wherein step (b) fur- 
45 ther comprises (b') transporting components of the 

mobile phase into the integrated gradient-genera- 
tion means. 

15. The method of claim 14, wherein step (b) further 
so comprises, after step (b*), allowing a sufficient 

amount of time to pass to result in diffusion of the 
components of the mobile phase to form a non- 
stepwlse gradient in the mobile phase. 

55 1 6. The method of any of claims 1 2 to 1 6, wherein step 
(d) is carried out using mobile phase flow at a rate 
of no more than about l^iL/min. 
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17. A method for separating the components of a fluid 
sample, comprising: 

(a) using no more than about 100 nL of fluid to , 
produce a mobile phase containing a gradient 
of the selected mobile-phase component; and 

(b) conveying a fluid sample through the sepa- 
ration conduit using the mobile phase contain- 
ing a gradient of the selected mobile-phase 
component, thereby separating the compo- 
nents of the fluid sample. 

18. A method for producing a flow of mobile phase, 

comprising: 

(a) providing a mobile-phase source compris- 
ing 

(i) a mobile-phase-holding microconduit 
having a length defined by an upstream ter- 
minus and a downstream terminus, and an 
outlet port located at the downstream ter- 
minus, and 

(ii) a mobile phase, contained In the mo- 
bile-phase holding microconduit, that ex- 
hibits differing concentrations of selected 
mobile-phase component along the length 
of the microconduit a substrate; and 

(b) pressurizing the microconduit to force the 
mobile phase within the mobile-phase holding 
microconduit to flow toward the downstream 
terminus along the length of the microconduit 
and out of the outlet port. 

19. The method of claim 18, wherein the mobile-phase 
holding microconduit is further defined by a sub- 
strate having a microchannel formed in a surface 
thereof in combination with a cover plate arranged 
over the substrate surface. 



predetermined order along the length of the 
mobile-phase holding conduit, the predeter: 
mined order. 
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20. The method of claim 1 8 or 1 9, wherein step (a) com- 
prises: 

(a') providing at least one inlet port in fluid com- 45 
munication with the mobile-phase holding mi- 
croconduit, wherein the outlet port is located 
downstream from the at least one inlet port of 
the mobile-phase holding microconduit; 
(a") providing a plurality of mobile-phase sourc- 50 
es each containing a mobile phase, wherein 
each mobile phase contains a different concen- 
tration of a selected mobile-phase component; 
and 

(a'") introducing plugs of mobile phase from the 55 
mobile-phase sources through the at least one 
inlet port into the mobile-phase holding micro- 
conduit such that the plugs are arranged in a 
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Beschreibung 

[0001] Die vorliegende Erfindung betrifft ein Verfahren zum qualitativen und/oder quantitatlven Nachwels von Zellen 
in einer Probe. Derartige Nachweisverfahren werden insbesondere be! der Diagnostik Oder Behandlungskontrolle von 

5 Tumorerkrankungen benotigt. Denn im Rahmen der Krebsvor- oder -nachsorge ist es von groBer Wichtigkeit maligne 
Tumore bzw. rezidive maligne Tumore anhand des Auftretens metastaslerender Tumorzellen im Blut fruhzeitig nach- 
weisen zu konnen. Das vorliegende Verfahren wird jedoch nicht nur hier eingesetzt sondern kann ganz grundsatzlich 
zum Nachweis und zur Erkennung von seltenen Zellen in biologische Zellen entiialtenden Proben eingesetzt werden. 
Dies kann beispielsweise auch zum Nachweis von fStalen Zellen in maternalem Blut oder auch zum Nachweis von 

10 Stammzelien erfolgen. 

[0002] Hodenkrebs ist fur weniger als 2% aller bdsartigen Neubildungen von Tumoren beim Mann verantwortlich. 

Allerdings handelt es sich bei 20-30% aller Krebserkrankungen unter 40jahriger Manner um Hodenkrebs. Die Zahl der 
jahrlichen Neuerkrankungen beispielsweise in der Bundesrepublik Deutschland betragt ca. 3600, wobei ca. 240 Man- 
ner an Hodenkrebs sterben. Die hochste Inzldenz findet man dabei zwischen dem 25. und 40. Lebensjahr. Durch den 
15 Fortschritt in der onkologischen Therapie konnen heute uber 90% aller Betroffenen langfristig geheilt werden. Die 
hohen Oberlebensraten begrunden sich dabei in der ausgepragten Wirksamkeit der cis-Platin-basierenden Chemo- 
therapien. 

[0003] Brustkrebs ist die haufigste Diagnose, wenn eine Tumorerkrankung bei Frauen festgestellt wird (26,4% aller 
Neuerkrankungen). Trotz massiver Bemuhungen, die in Fruherkennung, Behandlung und Nachsorge aufgewendet 

20 werden, rangiert diese Erkrankung immer noch an erster Stelle krebsbedingter Todesursachen bei der Frau. Die Er- 
krankungszahlen in den westlichen Industrielandern nehmen in den vergangenenJahren trotz verstarkter Bemuhungen 
um die Fruherkennung welter zu. Problematisch ist die hohe Metastasierungsrate nach Erstbehandlung, die in der 
Mehrzahl der Falle bereits nach 1-3 Jahren zum Tod der Patientin fuhrt. Hauptgrund hierfur ist die Streuung von Tu- 
morzellen in fruhen Stadien der Tumorentwicklung. Neben der Ersterkennung eines Mammakarzinoms ist daher ins- 

25 besondere der fruhestmogliche Nachweis metastaslerender Zellen fur eine erfolgreiche Behandlung von entscheiden- 
der Bedeutung. Ebenso kann im klinischen Stadium I ein definitiver Negativnachweis hilfreich sein, wenn zu entschei- 
den ist, ob die Patientin mit einer Chemotherapie oder einer Operation belastet werden muss. 
[0004] Beim kolorektalen Primartumor ist die Tumorprogression nach der Resektion in erster Linie auf residuaie 
Tumorzellen zuruckzufuhren. Diese Zellen werden pra- oder intraoperativ aus dem primaren Tumor abgelost und er- 

30 halten die Moglichkeit zur Verstreuung im ganzen Organismus. 

[0005] Neben der Ersterkennung eines kolorektalen Karzinoms ist daher insbesondere der fruhestmogliche Nach- 
weis metastaslerender Zellen fur eine erfolgreiche Behandlung von entscheidender Bedeutung. 
[0006] Dabei gilt es, im klinischen Stadium 1 der Erkrankungen zu entscheiden. ob der Patient mit einer Chemothe- 
rapie und/oder mit einer Operation belastet werden muss, um einen dauerhaflen Heilungserfolg zu erzielen. Eine grolie 

35 Anzahl von Patienten wird dabei chemotherapeutisch behandelt, obwohl kein gesicherter Nachweis einer Metastasie- 
rung vorliegt. In den Konzepten, die auf einer reinen Oben/vachung aufbauen, kommt es jedoch in 25% der Falle zu 
Rezidiven mit zum Teil tddlichem Ausgang. 

[0007] Bei den derzeit angewandten Untersuchungsmethoden werden bei Krebspatienten sogenannte Tumormarker 
auf Proteinebene (immunologisch bzw. enzymatisch) quantitativ im Blut oder in anderen Kbrperflussigkeiten ermittelt. 
40 Diese Nachweisverfahren sind jedoch fur die Tumordiagnostik bzw. Behandlungskontrolle/Nachsorge bei Tumoren nur 
bedingt geeignet, da erhohte Tumormarkerwerte in Korperflussigkeiten auch durch nichttumorose Erkrankungen. wie 
beispielsweise Entzundungen des Magen-Darm-Traktes, Leberzirrhose, Virusinfekte oder starkes Rauchen hervorge- 
rufen werden k5nnen. 

[0008] Molekulargenetische Verfahren erscheinen hier fur den Nachweis von Tumorzellen im peripheren Blut hilf- 
45 reich, da am Beginn des Metastasierungsprozesses der Ubertritt von Tumorzellen ins venose Blut stehen kann. 

[0009] Die EP 0 520 794 B1 offenbart ein derartlges Verfahren, bei dem Metastasierungen in Korpergeweben oder 
Flussigkeiten erfasst werden. Dabei werden Nukleinsauren erfasst, beispielsweise mittels Vervielfaltigung durch Po- 
lymerase-Kettenreaktion. Das Verfahren beruht nun entscheidend darauf, dass die nachgewiesene Nukleinsaurese- 
quenz in Zellen des Herkunftsgewebes eines Tumors exprimiert wird, d.h. in Tumorzellen und markerabhangig auch 
50 in den gesunden Zellen des Herkunftsgewebes. Weitere Bedingung ist, dass diese Sequenz normalerweise nicht in 
denjenigen Zellen exprimiert wird. deren Gewebe untersucht wird. Wird also eine entsprechende Sequenz in der un- 
tersuchten Probe gefunden, so muss diese von verschleppten, d.h. metastasierenden Zellen eines ortsfremden Tumors 
herruhren. Damit beruht dieses Verfahren ietztlich auf dem Nachweis von Zellen, die in der Blutprobe von gesunden 
Personen nicht vorkommen sollten. 
55 [0010] Insgesamt ist festzustellen, dass die derzeit verwendeten diagnostischen Methoden zu ungenau sind, wenn 
es um die Beurteilung der malignen Potenz von Resttumoren nach durchgefuhrter Chemotherapie in den metastasie- 
renden Stadien geht. Es gilt also weiterhin, Nachweise fur eine okkulte bzw. restliche Metastasierung zu finden, die 
eine rechtzeitige Einordnung In die vielfaltigen primar kurativen therapeutischen Optionen zulassen. Wesentliches 
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Problem ist es hierbei, dass die zu erfassenden Zellen, beispielsweise Tumorzellen im peripheren Blut. nur in extrem 
geiinger Zahl vorkommen. 

[0011] Die WO 98/12227 A1 offenbart ein Verfahren zum Nachweis der Expression des GP-54-Antigens. Hierzu 
werden zuerst aus einer Probe Zellen immunologlsch mittels zweier gegen verschiedene Epitope des GP-54-Antigens 
gerichtete Antik5rper isoliert. Fur diese isolierten Zelten wird anschliedend der Nachweis der Expression von GP-54 
durch Analyse der mRNA erbracht. 

[0012] Die WO 97/37226 A1 offenbart ein Verfahren zur Gewinnung von Tumorzellen oder Fragmenten von Tumor- 
zellen mittels eines Antikarpers bzw. eines AntikSrpergemisches. Die Analyse der so gewonnen Zellen oder Zellfrag- 
mente erfolgt uber optische Verfahren, die es dem Betrachter emnoglichen, Tumorzellen von normalen Zellen zu un- 
terscheiden. 

[0013] Die WO 96/29430 A1 offenbart die Erfassung von Tumorzellen mit einem Multimarkerassay. Hierbei werden 
zwei Oder mehrere mRNA-Marker in Proben, beispielsweise Blutproben, untersucht. Die Resultate dieses molekular- 
biologischen Multimarker-Nachweises werden mit einer statistisch signifikanten Referenzgruppe von Normalpatienten 
und Melanom- oder Brustkrebspatienten verglichen und auf Basis dieses Vergleichs eine Korrelation der Anzahl und 
Art der Marker mit verschiedenen klinischen Zustanden durchgefuhrt. Ziel dieses Verfahrens ist es, okkulte Tumoren 
auch bei Patienten zu erfassen, bei denen keine klinischen Anzeichen fur einen Tumor vorhanden sind. 
[0014] Hardingham et al.: "Immunobead-PCR: A technique for the detection of circulating tumor cells using im- 
munomagnetic beads and the polymerase chain reaction", Cancer Research, Band 53 (1993), Seiten 3455 bis 3458 
offenbart ein Verfahren zur Erfassung von disseminierten Tumorzellen in Blutproben. Hierzu erfolgt zuerst ein immu- 
nologischer Anreicherungsschritt mittels eines Antikorpers gefolgt von dem Nachweis einer DNA-Mutation. Fur den 
immunologischen Anreicherungsschritt wird aus einer Auswahl von Antik6rpem experimentell der geeigneteste Anti- 
korper ermittelt und anschliefiend fur das Verfahren eingesetzt. 

[0015] Im Kenntnis von diesem Stand der Technik Ist es Aufgabe der vorliegenden Erfindung, ein Verfahren zur 

Verfugung zu stellen, mit dem auf einfache. sichere und wiederholbare Weise seltene biologische Zellen in einer bio- 
logische Zellen enthaltenden Probe mit hoher Sensitivitat und Spezifitat nachgewiesen werden konnen. 
[0016] Diese Aufgabe wird durch das Verfahren nach Anspruch 1 gel6st. Vorteilhafle Weiterbildungen des erfin- 
dungsgemaden Verfahrens werden in den jeweiligen abhangigen Anspruchen gegeben. 

[0017] Entscheidend bei dem erfindungsgemallen Verfahren ist es nun, dass zuerst die zu selektionierenden bzw. 
nachzuweisenden Zellen mittels einer Kombination von Antikorpern oder AntikSrperderivaten oder einem bispezifi- 
schen Antikorper oder Antikorperderivat markiert werden. Dadurch ist es moglich, insbesondere die gesuchten Zellen 
zu markleren, abzutrennen und damit anzureichern. Dies bedeutet, dass in einem ersten Schritt ein kombinierter im- 
munologischer Nachweis bzw. Selektionierung erfolgt. Unter Antikorperderivat wird in dieser Anmeldung jede Art von 
verandertem Antikorper oder Antikorperfragment verstanden, das eine Bindungsstelle aufweist, beispielsweise ein- 
kettige Antikorper, Antikorperfragmente wie Fab-Fragmente oder rekombinante Antikorper. Im folgenden sind, wenn 
von "Antikorper" gesprochen wird, immer Antikorper und/oder Antikorperderivate bezeichnet. 
[0018] In einem zweiten Schritt werden dann auf molekularbiologischer Basis mit einer vordefinierten Kombination 
von Nachweisreagentien mindestens ein Marker erfasst, der fur die gesuchten Zellen spezifisch ist bzw. in diesen 
praferentiell zu finden ist, so dass hier wiederum spezifisch die gesuchten Zellen ausgewahit werden. Es handelt sich 
hier also um einen kombinierten molekularbiologischen Nachweis. Grundgedanke der vorliegenden Erfindung ist also, 
einen Nachweis uber eine Kombination immunologischer Parameter mit einem Nachweis uber eine Kombination mo- 
lekularbiologischer Parameter zu kombinieren. Oberraschendenrt/eise ergeben sich hierdurch ganz hen/orragende 
Nachweisergebnisse, mit denen in Detektionsbereiche vorgestolien wird, die samtlichen bekannten Techniken aus 
dem Stand der Technik bisher nicht zuganglich waren. So kdnnen Konzentratlonen gesuchter Zellen in Blutproben bis 
herab zu zwei Zellen pro 5 Milliliter noch nachgewiesen werden. Eine derartlge SpezlfitSt und Sensitivitat wird bisher 
im Stand der Technik nicht erreicht. 

[001 9] Eukaryontische Zellen tragen eine Vielzahl unterschledlicher Molekule an ihrer Zelloberfiache. Entsprechend 
des Ursprungs und der Funktion der einzelnen Zelle unterscheidet sich die Kombination der exprimierten Oberflachen- 
molekule. so dass zelltypspezifische Muster entstehen. Zur Erkennung dieser zelltyp-spezifischen Muster werden An- 
tikorper genutzt. AntikSrper binden mit hoher Spezifitat an ihr Antigen, hier an ausgewShlte Oberflachenmolekule. 
Diese Eigenschaft wird genutzt, um Zellen mittels spezlfischer Antikorperbindung anhand ihrer Zelltyp-spezifischen 
Muster zu erkennen und voneinander zu unterscheiden. 
- [0020] So-unterscheidet beispielsweise die Expression spezieller Oberflachenproteine-von Tumorzellen von nicht- 
tranaformierten Zellen dieses Zelltyps. 

[0021] Dem Nachweis der Marker geht eine Selektion der Zietzetlen uber die Bindung verschiedener Antikorper an 
die gesuchten Zellen voraus. Denn die Expression spezieller Oberfiachenprotelne unterscheidet Zellen eines Typs 
von Zellen eines anderen Typs. So unterscheidet beispielsweise die Expression spezieller OberfiSchenproteine Tu- 
morzellen von nicht-transformierten Zellen dieses Zelltyps. 

[0022] Da sich das spezielle Muster der Oberflachen-Antlgene beispielsweise bei Tumorzellen auch von den Blut- 
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zelltypischen Mustern unterscheidet, konnen Tumorzellen im Blut unterschieden werden. Urn Tumorzellen zu identifi- 
zieren, werden Antik5rper, die diese speziellen Oberfiachenproteine spezifisch erkennen, als Werkzeuge genutzt. Die 
spezifische Antikorperbindunq wird fur verschledene Analyse- und Separations-Methoden nutzbar gemacht. 
[0023] Aufgrund der Intensiven Bindung von speziell dafiir selektionierten Immunglobulinen ist neben der Erkennung 
von Zellen Qber deren Oberflachenepitope auch eine Separierung der erkannten Zellen von nicht erkannten m5glich. 
[0024] Verschledene Trennprinziplen sind mdglich: 

1. Trennprinzip beruhend auf FIQssigphase; z.B. Durchflusszytometrie: 

Fur die durchfluBzytometrische Analyse werden Antikorper mit Fluoreszenzfarbstoffen gekoppelt. Vereinzelte 
Zellen werden in einem konstanten Flussigkeitsstrom einzein an einer LichtqueHe (Laser) vorbeigeleitet. Bei 
Beleuchtung der Zellen werden die an den Antikorpern gebundenen Fluoreszenzfarbstoffe angeregt und strah- 
len LIcht bestimmter Wellenlangen ab. Das abgestrahlte Licht wird detektiert und das gemessene Signal di- 
gitalislert gespeichert. Das Lichtslgnal kann einzelnen Zellen zugeordnet werden. Die Antikdrper-markierte 
Zelle wird so erkannt und kann nun von anderen Zellen getrennt werden. Zur Trennung werden die Zellen in 
kleinsten Tropfen vereinzelt. Nach Erkennung der Antikorper-markierten Zelle wird der entsprechende Tropfen 
in ein AufFangbehdItnis gelenkt. Eine derartige Anreicherung kann beispielsweise durch FACS-Durchflusszy- 
tometrie erfolgen. Dabei werden beispielsweise angereicherte Zellen mit fluoreszenzmarkierten monoklona- 
ren Antikorpern gegen tumorspezifische Oberflachenproteine inkubiert. Die markierten Zellen werden zwel- 
fach mit PBS gewaschen und im Anschluss werden 10^ Zellen in 1 ml PBS resuspendiert. Fur die Isolierung 
der Tumorzellen wird ein FACS Vantage SE-Durchflusszytometer (Beaton Dickinson) verwendet. Gber das 
CellQuest Programm erfolgen Datenaufnahme, Instrumentenkontrolle und Datenauswertung. Die sortierten 
Zellen werden in ein 1.5 ml-Reaktionsgefa(i (gefullt mit 1 ml PBS) uberfuhrt. Die RNS kann dann wie spater 
beschrieben isoliert werden. 

2. Trennprinzip bemhend auf Festphase; z.B. magnetische Separation: 

Fur die magnetische Separation werden Antikorper an pseudomagnetische Partikel gekoppelt. Nach Einbrin- 
gen der pseudomagnetischen Partikel In ein Magnetfeld wandem die Partikel im magnetischen Feld. Bei der 
Bewegung in diesem magnetischen Feld werden Zellen, an die diese gekoppelten Antikdrper gebunden sind, 
mitgerissen und von anderen Zellen getrennt. 

[0025] Zur Zellerkennung mittels Magnetpartikel werden folglich an pseudomagnetische Partikel, die eine definierte 
Anzahl an chemisch aktivierten Stellen auf ihrer Oberflache besitzen, Antikorper gekoppelt. Kopplungsverfahren sind 
beispielsweise aus James P. Gosling, Solid-phase Concepts and Design, in: R.F. Masseyeff, W.H. Albert N.A. Staines 
(eds). Methods of Immunological Analysis, Vol. 1, VCH Verlagsgesellschaft mbH, Weinheim, pp. 507-529 bekannt. 
Ober die Spezifitat der Antikorper wird die Spezifitat der Trennung bestimmt. Eine Ziel-Zellen enthaltende Blutprobe 
wird mit AntikSrper-gekoppelten Magnetpartikein versetzt; dann werden Partikel und Blut relativ zueinander bewegt, 
beispielsweise durch "Ober-Kopf-Rotieren" in einem geschlossenen Behalter befindlicher Proben oder durch Bewe- 
gung der Partikel aufgrund wechselnder Magnetfelder. Jene Zlel-Zellen, die von einem der Festphase-gebundenen 
Antikorper erkannt und damit fest gebunden werden, folgen der Bewegung der Partikel. Hierdurch ist es moglich, bei 
Aniegen eines magnetischen Feldes, die Partikel mit den daran gebundenen Zellen aus dem Blut herauszuziehen (z. 
B. an die Wand des Trenngefafles). Das auf diese Weise Ziel-Zellen-depletlerte Blut kann gegen andere Losungen 
ausgetauscht werden, wobei die uber Magnetpartikel separierten Zellen bis zum Abschaiten/Entfernen des Magnet- 
feldes vor Ort verbleiben und fur weitere Anwendungen zur Verfugung stehen. 

[0026] Altemativ zu den dargestellten Trennprinziplen sind auch jegliche andere Trennprinziplen aus dem Stand der 
Technik, die auf der Markierung von Zellen mit Antikorpern beruhen, einsetzbar. 

[0027] Erfindungsgemafi werden vortellhafterweise fur die Erkennung der Tumorzellen spezifische AntikorperMI- 
schungen venA/endet. Beispielsweise elgnet sich zur Erkennung von Tumorzellen Im Blut eine Kombination der Anti- 
korper MOC-31 und Ber-EP4. 





^ .>,JabeUe-1: 




Antlkorper-Mtschung 


Antigen 


Klon 


Konzentration 


Epith.ReLAntlgen 


MOC-31 (Fa. Novocastra) 


1,25 ^1/1 08 Zellen 


Epitheliales Antigen 


Ber-EP4(Fa. DAKO) 


0,924 fig/106 Zellen 
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[0028] Mittels der Antikorpermischung in der vorhergehenden Tabelle 1 werden bevorzugt Tumorzellen, jedoch mit 
hoher Spezifitat erfasst. Dies beaiht auf der bevorzugten Expression bestimmter Oberflachenproteine, die Krebszellen 
von anderen Zellen unterscheidet. 

[0029] Derartige Antikorpermischungen zeigen im Vergleich zu den Jewells separat eingesetzten Antlkorpern be! der 
5 Zellerkennung und Zelltrennung unabhangig von der angewandten Methode eirie erhohte Sensitivit§t. 

[0030] Die voriiegende Erfindung beruht weiterhin wesentlich darauf, dass nicht etwa auf Immunologischer oder 
enzymatischer Ebene Zellmarker im Blut von Patlenten nachgewiesen werden, sondern dass als molekularblologischer 
Marker die mRNS (Messenger-Ribonukleins3ure) von gesuchten Zellen in einer Probe beisplelsweise einer Blutprobe, 
nachgewiesen wlrd. 

10 [0031] Da einzelne Marker in therapieabhangiger Weise unterschiedlich exprimiert werden, wird eine Kombination 
von Tumormarkern untersucht, urn alle im Blut zirkulierenden Tumorzellen zu erfassen. Hierdurch lassen sich Tumor- 
zellen auch dann erkennnen, wenn die Expression eines bestimmten Markers bei einem Patienten bzw. in einem 
Krankheitsstadium relativ gering ist, was sonst zu einem vermeintlich negativen Ergebnis fuhren konnte. Die Verwen- 
dung von Markem stoRt jedoch meist deswegen auf Grenzen, weil mononukledre Blutzelten eine Hintergrundexpres- 

15 sion ("illegitime Transkription") aufweisen, die eine exakte Analyse behindern. 

[0032] Als Marker, beispielsweise fur Tumoren, wird die Expression der in Tabelle 2 genannten Gene erfasst. Der 
Nachweis kann dabei fur zwei Marker oder auch fur eine beliebige Anzahl dieser Tumormarker in Kombination mitein- 
ander durchgefuhrt werden. Das erfindungsgemalie Kit kann daher Ollgonukleotldpaare fOr zwei oder eine beliebige 
Auswahl Oder auch alle der Tumormarker enthalten, 

20 



Tabelle 2 



Gen bzw. Genprodukt 


Gen 


Alernativ- 
bezeichn.. 


Human carninoma-associated antigen GA733-2 gene 


GA733-2 


GA733.2 


Human epidermal growth factor receptor (EGFR) gene 


EGFR 


EGFR 


Human carcinoembryonic antigen (CEA) gene 


CEA 


CEA 


Homo sapiens mucin 1 {MUC1) 


MUC1 


CA15-3 


Homo sapiens C-erb B2/neu protein (ERBB2) gene 


HER-2/neu 


HER-2 


Homo sapiens claudin 7 (CLDN7), mRNA 


claudin7 (CLDN7) 


Claudin-7 


Alkaline phosphatase, placental-like (Nago Isozyme), (Germ-cell 
alkaline phosphatase), (PLAP-iike) 


ALPPI_2 (GCAP) 


PLAP 


Homo sapiens gastrin-releasing peptide receptor (GPPR) gene 


GRPR 


GRPR 


Homo sapiens high-mobility group (nonhistone chromosomal) 
protein isoform l-C (HMGIC). mRNA 


HMGIC 


HMGI-C 


Homo sapiens gene for cytokeratin 20 


CK20 


CK20 


Human MAGE-3 antigen (MAGE-3) gene 


MAGE-3 


MAGE-3 


Homo sapiens stanniocalcin 1 (STC1 ) gene 


Stanniocalcin 1 (STC1) 


Stanniocalcin 



45 [0033] Dadurch werden alle diejenigen Falle richtigenA^eise vernachlassigt, bei denen beispielsweise aufgrund von 
anderen Krankheiten ebenfalts die Tumormarker exprimiert werden und ledlgllch als Protein in die Blutbahn gelangen. 
Es werden folgllch aufgrund des ersten immunologlschen Auswahlschrittes lediglich Zellen erfasst, die zum einen sich 
selbst in der Blutprobe befinden und zum anderen den oder die jeweiligen Tumormarker exprlmieren. Dabel handelt 
es sich folglich um Tumorzellen, die aus Ihrem ursprQnglichen Tumorgewebe stammen und in das Blut der Patienten 

50 verschleppt wurden. Da im Blut nicht an einem Tumor Erkrankter die mRNA der untersuchten Marker normalerweise 
nicht exprimiert wird, zeigt sich eine direkte Korrelation zwischen dem Auftreten der zugehorlgen mRNA und einer 
Metastasierung schon i,m fruhen Stadium im Metastasierungsprozess. 

[0034] Dabei wird nicht nur die mRNS eines einzelnen Tumormarkers erfasst sondern eine Kombination von Markern 
untersucht. Dadurch ist es moglich, Krebsformen uber ihre Im Blut metastasierenden Zellen erfassen zu konnen. Dies 
55 bedeutet, dass im Falle von Hodentumoren sowohl seminose als auch nichtseminose Hodenkrebsfomnen bzw. auch 
Mischtumore mit Anteilen eines Seminoms und damit 90-95 % aller malignen Tumore des Hodens. nimlich samtliche 
Keimzelltumoren, erfasst werden. 

[0035] FQr die Erkennung von Hodentumorzellen wlrd daher erfindungsgemSfl eine Kombination von mindestens 
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zwei der folgenden Marker vorgeschlagen: 

- GA733.2 

- GCAP/PLAP 
5 - HMGI-C 

- GRPR. 

[0036] Fur die Erkennung von Brustkrebszellen wird erfindungsgemall eine Kombination von mindestens zwei Tu- 
mormarkern der folgenden Markergruppen vorgeschlagen: 

10 

a) EGFR, CEA, Stanniocalcin, MAGE 3, CK20. Claudin 7, Her-2/neu, MUC1 und GA 733.2; 

b) CK20, MAGE 3 und MUC1 

c) Her-2/neu und Claudin7 sowie 

d) EGFR, CEA und Stanniocalcin 

15 

[0037] Fur die Erkennung von Darmkrebszelien wird erfindungsgemaR eine Kombination von mindestens zwei Tu- 
mormarkern der folgenden Markergruppen vorgeschlagen: 

a) CK20, EGFR, GA 733.2, CEA und Stanniocalcin 
20 b) CK20, EGFR, CEA und Stanniocalcin sowie 

c) EGFR. CEA und GA 733.2 

[0038] Im folgenden werden einige Beispiele gegeben, aus denen hervorgeht, dad mit dem erfindungsgemdKen 
Verfahren eine Nachweissensitivitat erzielt wird, die uber alias bisher im Stand der Technik bekannte weit hinausgeht. 
25 Die Figuren 1 bis 10 zeigen Ergebnisse verschiedener Versuchsprotokolle. 

[0039] Gemeinsam fur samtliche Beispiele ist das grundsatzliche Vorgehen, das einen ersten Schritt mit immunolo- 
gischer Anreicherung von Zielzellen und einen zweiten Schritt eines Nachweises von mRNS-Markern in den immuno- 
logisch angereicherten Zellen umfalit. Im folgenden werden diese Schritte in allgemeiner Form beschrieben, soweit 
sie fur sdmtliche Beispiele identisch sind. 

30 

1. Immunologische Anreicherung der Zielzellen aus peripherem Blut 

[0040] Zuerst wurde eine periphere Blutprobe entnommen und dieser eine definierte Anzahl von Zielzellen hinzu- 
gegeben, beispielsweise 2, 10, 100 Zellen eines bestimmten Tumortyps. 
35 [0041] Weiterhin wurden Antikorper an Magnetpartikel gekoppelt. Als Antikorper wurden dabei die im folgenden in 
Tabelle 3 dargestellten Antikdrper venvendet. 



Tabetle 3 



Antigen 


Klon 


Firma 


Epitheliales Membran Antigen 


GP1.4 


Novocastra 


Epitheliales Antigen 


MOC-31 


Novocastra 


Epitheliales Antigen 


Ber-EP4 


DAKO 


Muc 1 


HMPV.2 


Pharmingen 


PLAP 


8B6 


Cymbus Biotechnology LTD 


Epitheliales Membran Antigen 


E29 


DAKO 


Epitheliales Membran Antigen 


131-11741 


HISS 



[0042] Die Magnetpartikel wurden dabei mit einer Partikelkonzentration von 4 x 10^ beads/ml (CELLection™ Pan 
Mouse IgG Kit, Firma Dynal) verwendet. Die Verhaltnisse zwischen der Antikorperkonzentration und den daran ge- 
koppelten Antikdrpern sind in Tabelle 4 wiedergegeben. 
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Tabelle 4 



Klon 


Antik5rperkonzentration 


^l! Antikorper/25 jil Partikel 


BerEP4 


0,1 mg/m! 


4\i\ 


HMPV.2 


0,5 mg/ml 


4|xl 


M0C31 


k.A. VerdQnnung s. Herstellerangaben (Lyophilisat) 


4^1 


GP1.4 


kA Verdunnung s. Herstellerangaben (Lyophilisat) 


4^1 


8B6 


0,1 mg/ml 


1^1 


131-11741 


0,5 mg/ml 


4^1 


E29 


0,1 mg/ml 


4\i\ 



[0043] Die so vorbereiteten Magnetpartikel wurden je nach Versuchsansatz und Nachweissystem dem Blut zuge- 
geben. Der entsprechende Zusatz Antlkorper-gekoppelter Magnetpartikel pro ml Blut bei einer Ausgangskonzentration 
von 4x10^ beads/ml Partikel ist in Tabelle 5 wiedergegeben. 



Tabelle 5 



Tumor 


Brustkrebs- 


Darmkrebs- 


Hodenkrebs- 




diagnostik 


diagnostik 


diagnostik 


Antikdrper 








BerEP4 


8,3 ul 


10 ul 


8 ul 


HMPV.2 


8,3 ul 






M0C31 




10 ul 


8 ul 


GP1.4 


8,3 ul 






8B6 






4 ul 



[0044] Nach 2-stundiger Inkubation im Oberkopfschuttler wurden die Magnetpartikel, die gegebenenfalls als Zell- 
Antikorper-Magnetpartikelkomplexe vorlagen, mittels eines Magnetpartikelkonzentrators (MPC(s)-S, Firma Dynal) 3 
mal mit PBS (Phosphatpuffer-Saline) gewaschen und die anhaftenden Zellen anschliellend entsprechend des im fol- 
genden beschriebenen RNS-lsolierungsprotokolls behandelt. 

[0045] Als Alternative zur Abtrennung mittels Magnetpartikein bletet sich eine immunologische Abtrennung mittels 
DurchfluBzytometrie (Fluoreszenz-assoziierte Zellsortierung, FACS) an. 

[0046] Hier wird eine erste relative Anreicherung der Tumorzellen durch Depletion der Erythrozyten erzielt. Dazu 
wird Vollblut (mit EDTA) mit einem hypotonen Erythrozyten-Lyse-Puffer vermischt und 30 Minuten bei Raumtemperatur 
inkubiert. Die verbliebenen kernhaltlgen Zellen werden zentrifugiert und in PBS/BSA resuspendiert. Die so gewonne- 
nen Zellen werden anschliellend mit Antlkdrpern inkubiert, die mit einem Fiuorophor markiert sind. Die Zielzellen, die 
durch Bindung an einen Antikorper fluoreszierend markiert sind, wurden dann uber FACS abgetrennt. 
[0047] Alternativ bietet sich eine Anreicherung durch Dichtegradienten-Zentrifugation an. Durch eine derartige Zen- 
trifugation mit unterschiedlichen Dichtegradienten werden Zellen unterschiedlicher mittlerer Volumendichte voneinan- 
der getrennt. Mononukleare Blutzellen werden mittels eines Ficoll-Hypaque-Gradienten (Firma Phamiacia, Uppsala, 
Schweden) separiert und anschlieliend zweifach mit PBS/1 % FCS gewaschen. Anschlieflend erfofgt eine Festphasen- 
gekoppelte Anreicherung (z.B. uber Magnetpartikel) bzw. eine Flussigphasen-basierte Abtrennung (FACS) der Ziel- 
zellen wie oben beschrieben. 

2. mRNS-lsolierung 

[0048] Als erstes erfolgt eine Isolierung der Gesamt-RNS der wie oben beschrieben abgetrennten Zellen. Diese 
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erfolgt mit dem QIAamp RNA Blood Mini Kit (FIrma Qiagen, Hilden) nach dortigen Herstellerangaben, wobei der Lysis- 
Puffer direkt zu den an die Magnetpartikel gebundenen Zellen gegeben wurde. Durch einen zusatzlichen DNS-Verdau 
auf der Saule wird eine Kontamination mit genomischer DNS vermieden. DIeser DNS-Verdau erfolgt mit dem RNase- 
Free DNase Set, Firma Qiagen, Hilden. 
5 [0049] Altemativ kann auch eine mRNS-lsollerung. z. B. mittels Oligo(dT)-gekoppelter Magnetpartikel. Dynabeads® 
mRNA Direct™ Micro Kit, (Firma Dynal)) erfolgen. Auch diese Isolation erfolgt entsprechend der in dem Kit angege- 
benen Herstellerangaben. 

[0050] Als weitere Alternative zur RNS-lsolierung werden die Isolierten Zellen durch Zugabe von Trizol-Reagenz 
(Firma Gibco BRL, NY, USA) lysiert und mittels Pipette homogenisiert. Nach anschlieliender Chloroformextraktion wird 
10 die RNS-haltige walirlge Phase in Isopropanol bei -80 °C gefallt. Nach zweimaligem Waschen und Zentrifugieren in 
. 80 %igem Ethanol wird das Pellet an der Luft getrocknet und anschlielSend in RNase freiem Wasser resuspendlert. 
Dieser Aufarbeitungsschritt erfolgt ebenfalls nach herkdmmlichen Protokollen. 

3. Reverse Transkription 

15 

[0051] An die Isolierung der RNS schlieBt sich eine reverse Transkription an, bei der die mRNS in cDNS umgeschrie- 
ben wird. 

[0052] Dazu wird die RNS in einem entsprechenden Volumen Wasser gemafi dem Reaktionsansatz in Tabelle 6 
zusammen mit Oligo(dT)1 5-Primern (Firma Promega, Mannheim) fiir 5 Minuten bei 65 °C denaturiert und anschlieHend 
20 direkt auf Els inkubiert. 



Tabelle 6: 



Komponenten der cDNS-Synthese 

Die cDNS-Synthese erfolgt in einem 20 [il-Reaktionsansatz 


Komponenten 


Volumen 


Endkonzentration 


RNS/mRNS 


10^1 




10xRT-Puffer 


2^ll 


1 X 


dNTP-Mix Ge 5 mM) 


2^1 


jeweils 0.5 mM 


Oligo(dT)-Primer (10 ^iM) 


2fil 


1 ^iM 


RNase-lnhibitor 


1^il 


0.5 Units/^l 


Reverse Transkriptase 


1^11 


4U 


RNase-freies Wasser 


ad 20 ^1 





[0053] Die cDNS-Synthese erfolgte bei 37 °C fur eine Stunde mit nachfolgender Inaktivierung der reversen Tran- 
skriptase durch Erhitzen fur 5 Minuten bei 95 °C und anschlieliender Abkuhlung auf Eis. Hierzu wurde ein Sensiskript 
40 Reverse Transkriptase Kit, Finma Qiagen, Hilden nach dort angegebenen Protokollen venvendet. 

[0054] Im Falle der Venwendung 01igo(dT)-gekoppeiter Magnetpartikel bereits zur Isolierung von mRNS unterblelbt 
anschlieliend die Zugabe von Oligo(dT)-Primern, d.h. der Oligo(dT)-Linker dient zugleich als Primer fur die reverse 
Transkription, wobei hier die Magnetpartikel im Ansatz verblelben. 

45 4. PGR 

[0055] AnschlieRend an die Umschreibung der mRNS in cDNS erfolgt eine Polymerase-Kettenreaktion (PGR) mit 
p-AktIn als interner Kontrolle. 

[0056] Dabei wurden die in Tabelle 7 aufgefuhrten Oligonukleotide als PGR-Prtmer zur Amplifikatlon von cDNS ent- 
50 sprechend verschiedener Markergene, wie sie in der ersten Spalte angegeben sind, verwendet. 
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Tabelle 7: Z*iste der PCR-Primer 



Primemame 


Sequenz 5' -> 3' 


PCR-Produkt 


Tumormarker 


GA733.2 sense 


AATCGTCAATGCCAGTGTACTTCA 


395 bp 


GA733.2 sense 


TAACGCGTTGTGATCTCCTTCTGA 


EGFR sense 


AGTCGGGCTCTGGAGGAAAAGAAA 


163 bp 


EGFR antisense 


GATCATAATTCCTCTGCACATAGG 


CEA sense 


AGAAATGACGCAAGAGCCTATGTA 


231 bp 


CEA antisense 


AACTTGTGTGTGTTGCTGCGGTAT 


CA15-3 sense 


TCAGCTTCTACTCT6GTGCACAAC 


299 bp 


CA-15-3 antisense 


TGGTAGTAGTCG6TGCTG6GATCT 


Her-2 sense 


CCCAGTGTGTCAACTGCA6CCAGT 


265 bp 


Her-2 antisense 


CAGATGGGCATGTAGGAGAG6TCA 


Claudin-7 sense 


GTCTTGCCGCCTTGGTAGCTTGCT 


225 bp 


Claudin-7 antisense 


T66ACTTA666TAA6AGC666GT6 


6CAP/PLAP sense - 


6CCAC6CA6CTCATCTCCAACATG 


440 bp 


GCAP/PLAP antisense 


ATGATCGTCTCAGTCAGT6CCCG6 


GRPR sense 


TCTCCCC6TGAACGATGACTGGTC 


308 bp 


GRPR antisense 


TGAA6ACA6ACACCCCAACAGAGG 


HIMGI-C sense 


AAAG6CA6CAAAAACAAGAGTCCG 


213 bp 


HMGI-C antisense 


CCAACTGCTGCTGAGGTAGAAATC 


CK20 sense 


ATCTCCAAG6CCTGAATAAGGTCT 


336 


CK20 antisense 


CCTCAGTTCCTTTTAATTCTTCAGT 


MAGES sense 


CTCCAGCCTCCCCACTACCAT6AA 


375 bp 


MA6E3 antisense 


TTGTCACCCAGCAGGCCATCGTAG 


Stanniocaia'n sense 


AACCCATGAGGCGGAGCAGAATGA 


254 bp 


Stanniocaldn antisense 


CGTTGGCGATGCATTTTAAGCTCT 


Interne Kontrolle 


Aktin sense 


CTGGAGAAGAGCTACGAGCTGCCT 


111 bp 


Aictin antisense , 


^CAGGACTCCATGCCCAGGAAGGA 





[0057] Tabelle 7 enthalt in der ersten Spalte die Angabe des zu erfassenden Tumormarkers, wobel jeweils zwei 
Ollgonukleotide (sense und antisense) als Primerpaar angegeben sind. Die Lange des PCR>Produktes, das-durch-die 
in Spalte zwei angegebenen Primer erzeugt wird, ist in Spalte drei angegeben. Die PGR wurde mit dem in Tabelle 8 
angegebenen Ansatz durchgefuhrt. 
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Tabelle 8: 



PCR-Ansatz Die PCR-Synthese erfolgte in einem 50 n!-Rekationsansatz 


Komponenten 


Volumen 


Endkonzentration 


cDNS 


6 fit 




lOxPCR-Puffer* 


5^1 


1 X 


dNTP-Mix 




jeweiis 200 ^IVI 


Primer 


s. Tabellen 7 und 9 




Taq-DNA Polymerase** 


0.5^1 


2.5 U 


[Q-Solution*** 


10^11] 




H2O 


ad 50 





(• enthait 15 mM MgCl2; ** HotStarTaq™ DANN Polymerase; Qiagen. Hitden) 

(*** Der Zusatz von 10 ^il Q-Solutlon (Qiagen, Hilden) ist nur zum Nachweis von GCAPIPLAP notwendig) 



[0058] Tabelle 9 gibt eine Auflistung der spezlfischen Primerkombination und Primerkonzentrationen als Endkon- 
zentration Im PCR-Ansatz an. In den folgenden Beispielen wird fur die verschiedenen Tumorarten Bmstkrebs, Darm- 
krebs und Hodenkrebs jeweiis exemplarisch eine Multlplexkombination zu diesen Primem aufgezeigt, so wie sie in 
Tabelle 9 angegeben ist. 
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Tabelle 9: Auflistung der spezifischen Primerkom- 

binationen und Primerkcnzentration 

5 

(Endkonzentration im PCR-Ansatz) 







Brust— 






10 


Pr* j.iciGr' 


krehs—1 








GA733.2 sense 


500 nM 


500 nM 


500 nM 




GA733.2 antlsense 


500 nM 


500 nM 


500 nM 


15 


EGETl sense 




750 nM 






EGFR anlii sense 




750 nM 






CCA sense 




750 nM 




20 


CEIA antlsense 




750 nM 




CAJ.5— 3 sense 


400 nM 








CA.15— 3 ant j. sense 


400 nM 






25 


Heir— 2 sense 


300 nM 






Her— 2 ant!j.sense 


300 nM 

www XUT* 






- ■ 


Claudin— 7 sense 


400 nM 








Claudin— 7 antisense 


400 nM 






30 


GCAP/PLAP sense 






800 nM 

www •A&A 




GCAP/PLAP antisense 






800 hM 




GRPR sense 






500 nM 


35 


GRPR antisense 






500 nM 




HMGI-C sense 






500 nM • 




HMGI-C antisense 






500 nM 


40 


P-Aktin sense 


100 nM 


200 nM 


100 nM 


3^Aktin antisense 


100 nM 


200 nM 


100 nM 



[0059] Die PGR-Bedingungen (Zykienzahl, Zyklenfuhrung etc.) sind in den Tabellen 10 und 11 gegeben. 

45 

Tabelle 10: 



PCR-Bedingungen 


Vorabdenaturierung 


95 "^C ISmin 


Zyklus 


1, 
2. 
3. 

Finale Exter 


Denaturierung 

Annealing 

Extension 

ision 


94 °C 1 min 

x°C 1 min (s. Tabelle 11) 
72 X 1 min 

72 °C 10 min 

4 Pause 
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Tabelle 11: 



Multiplex-spezifische Annealingtemperatur und Zyklenzahl 


Marker 


Brustkrebs-1 


Darmkrebs-1 


Hodenkrebs-1 


Annealing-Temperatur 


60 


58 


58 


Zyklenzahl 


35 


40 


40 


(Thermocycler: PCT 200; Blozym) 



10 

[0060] Die so erzeugten Amplifikate der cDNS wurden elektrophoretisch aufgetrennt mittels eines Bloanalyzer 2100 
(Firma Agilent). Hierzu wurde 1 p.1 des PCR-Produktes in dem Bloanalyzer auf einem DNS-Chip (500) aufgetrennt und 
das Trennergebnis elektronlsch dokumentiert. Auf diese Weise wurden die FIguren 1-10 erzeugt. 
[0061] Alternativ werden 25 |xl des PCR-Produktes uber ein 2,5 %iges Agarosegel aufgetrennt und die DNS-Banden 

15 mit Ethldiumbromid angefarbt. Die Dokumentation erfolgt z.B. mit Hilfe des DUO Store Systems der Firma Intas. 

[0062] Alternativ kann weiterhin eine Fragmentanalyse beispielsweise mittels eines ABI Prism 310 Genetic Analyser 
(Fimria PE Applied Biosystem, Weiterstadt) durchgefuhrt werden. Hierzu wird dann jewells 1 ^il des PCR-Produktes in 
der Verdunnung 1 :50 eingesetzt. In diesem Falle werden fluoreszenzmarkierte Primer verwendet. 
[0063] Figur 1 zeigt nun das Ergebnis eines erfindungsgemalien Verfahrens fur die Erkennung von Brustkrebszellen 

20 im Blut. Hierzu wurde Blut von Gesunden eine definierte Menge an Tumorzellen einer Brustkrebszellinie zugegeben. 
Die zugegebene Zetlzahl betrug dabei 1 0 Zellen (10 Z)bzw. 1 00 Zellen (1 00 Z)pro Milliliter Blut. Figur 1 A und 1 B zeigen 
nun jeweils elektrophoretische Auftrennungen, wobei die einzelnen Banden hier und im folgenden mit denselben Be- 
griffen beschriftet sind. Der Begriff Leiter bezeichnet Calibratoren von 50-600bp LSnge. mit RT-Ko ist eine Kontrolle 
bezeichnet, die keinerlei mRNA enthielt, mit PCR-Ko ist eine Kontrollmessung bezeichnet, die keinerlei cDNS vor der 

25 PCR enthielt. Mit "Blut" ist die Blutprobe ohne inokulierte Tumorzellen, mit 10 Z die Blutprobe mit 10 inokulierten Tu- 
morzellen pro Milliliter und mit 100 Z die Blutprobe mit 100 inokulierten Tumorzellen pro Milliliter bzw. pro 5 Milliliter 
bezeichnet. Mit "Zellinie" ist eine Kontrollmessung mit einer grofien Zellzahl der Tumorzellinie in der Probe bezeichnet.' 
[0064] In Figur 1 sind Ergebnisse dargestellt, wenn die Selektion im ersten Schritt mit lediglich einem, zweien oder 
alien drei der folgenden Antikorper HMPV.2, GP1.4 und Ber-Ep 4 durchgefuhrt wurde. Es ist unmittelbarzu erkennen, 

30 daf^ bei Verwendung lediglich eines Antikdrpers der Nachweis des Tumormarkers CA 15.3 (Mud) nur gering ist. Die 
besten Ergebnisse werden erzielt, wenn zwei der Antikorper. namlich HMPV.2 und Ber-Ep 4 bzw. GP1.4 und Ber-Ep 
4 zum Nachweis eingesetzt werden. Bereits die Kombination aller drei Antikorper ist, wie man an der Intensltat der 
Banden fur den Tumormarker CA 1 5.3 erkennen kann, effektiver. Damit ist nachgewiesen, dafi bei geeigneter Auswahl 
einer bestimmten Anzahl von spezifischen Antikorpem ein erheblich verbessertes Ergebnis beim Nachweis von Tu- 

35 morzellen moglich ist. Insbesondere zeigt sich auch, daft der simple Schlufi, daft unter Einsatz von mehreren Antlkor- 
pern die Sensitivitat zwangsweise steigen wurde, nicht moglich ist. Das Gegenteil ist unter Umstanden der Fall, da 
eine unspezifische Reaktion mit steigender Zahl von Antikorpern eher mdgiich wird. Es ist daher von besonderer Be- 
deutung, experimentell eine geeignete Kombination von Antikorpern zu ermitteln. 

[0065] Figur 2 zeigt nun Ergebnisse von Nachweisverfahren, bei denen in Figur 2A keine Vorauswahl mittels Antl- 
40 kSrpermarkierung und in Figur 2B eine Vorauswahl mittels Antikorpemiarkierung durchgefuhrt wurde. In Figur 2 sind 
dabei Kombinationen der Antikorper HMPV.2, Ber-Ep 4 und GP1 .4 als Zweierkombination bzw. samtllcher drei Anti- 
korper bestimmt worden. Zugleich wurde eine Multiplexbestimmung von Insgesamt vier Markem, namlich GA 733.2, 
CA 15.3, Her 2/neu sowie Claudin 7, durchgefuhrt. Auch hier wurden wieder 10, 100 bzw. 1000 Tumorzellen einer 
Brustkrebszellinie in Blut inokkuliert und anschlieftend nachgewiesen. Hier zeigt sich, daft ohne Antikorper-Selektio- 
45 nierung ein HIntergrundexpresslon fur einige der mRNS-Marker (GA 733.2, CA 15.3 und Her 2/neu) erfaftt wird. Ein 
derartigerHintergrund lafttsich bei Einsatzjederderin Figur2BdargestelltenAntikorperkombinationenzur Vorauswahl 
der auf mRNS zu untersuchenden Zellen vermeiden. Interessant ist in Figur 2B wiederum, daft der Einsatz von drei 
Antikorpern dem Einsatz von zwel Antikorpern, z. B. GP 1 .4 mit Ber-Ep 4 nicht unbedingt uberlegen ist. Die Auswahl 
bestimmter Antikdrperkombinationen sowie die Auswahl bestimmter mRNS-Marker erm5glicht es jedoch, bis herab 
50 zu 10 Zellen pro Milliliter Blut ohne jeglichen unspezifischen Hintergrund die entsprechenden gesuchten Tumorzellen 
zu erfassen. Die Hintergrundexpresslon konnte elimlniert und die Sensitivitat betrachtlich gesteigert werden (s. Bande 
fur Claudin 7). ... 

[0066] In Figur 3 ist das Ergebnis eines erfindungsgemaften Verfahrens mit in Blut inokulierten Tumorzellen aus 
einer Hodenkrebszellinle dargestellt. Wiederum werden samtliche Tumorzellen aus der Blutprobe selektiert, die durch 
55 einen der dargestellten Antikorper markiert sind. Anschlieftend wird auf insgesamt vier mRNS-Marker (GCAP, GA 
733.2, GRPR und HGMI-C) untersucht. Hier zeigt sich, daft bei Einsatz nur eines Antikorpers wie Ber-Ep 4 mittels des 
Markers HGMI-C lediglich bis herab zu 1 0 Zellen pro Milliliter Blut erfaftt werden und bei Einsatz des Antikorpers MOC- 
31 Qberhaupt keine Hodenkrebszellen erfaftt werden. Dasselbe gilt fur den Antikdrper 8B6, der lediglich eine geringe 
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Sensitivitat aufweist. 

[0067] Die Kombination der Antikorper Ber-Ep 4 und 8B6 fuhrt ebenfalls zu einem mangelhaflen Nachweis mittels 
des Markers HGMI-C sowie auch die Kombination der Antikorper Ber-Ep 4 und MOC-31 . Ein optimales Nachweiser- 
gebnis fur samtllche vier untersuchten Marker ergibt sich fur Hodentumorzellen bei Einsatz von insgesamt drei Anti- 
5 kdrpem Ber-Ep 4. MOC-31 und 8B6, wo bis herab zu 2 Zellen pro Milliliter Blut sicher uber jeden einzelnen der Marker 
nachgewiesen werden. Werden erfindungsgemafl mit den zwei Nachweisreaktionen zwel Marker nachgewiesen, so 
lalit sich bei Auswahl von zwei Markern aus den fur Figur 3 ven^^endeten Markern ein sicherer Nachweis einer mini- 
malen Zellenzahl bei gleichzeitlger Vermeidung einer Hintergrunderfassung durchfuhren. 

[0068] Figur 4 zeigt den Nachweis von Darmkrebszellen, die in Blut eines Gesunden inokuliert wurden. Hier zeigt 
10 sich unmittelbar, dafi der Einsatz einer Kombination der Antikorper Ber-Ep 4 und MOC-31 zu einer verbesserten Emp- 
findllchkeit bezDglich des mRNS-Markers EGF-R fuhrt. Beim Einsatz der belden Antikorper glelchzeitig wird eine Nach- 
weisempfindlichkeit von 1 00 Zellen pro Milliliter Blut erreicht, wahrend bei Einsatz lediglich eines Antikorpers die Emp- 
findlichkeit bei ca. 1000 Zellen pro Milliliter Blut liegt. 

[0069] Figur 5 zeigt einen Versuch, bei dem mittels einer Antikorperkombination von Ber-Ep 4, HMPV.2 und GP1 .4, 
15 die mit zumindest einem der Antikorper markierten Zellen selektioniert wurden und anschliedend auf die mRNS-Marker 
GA 733.2, CA 15.3, Her 2 und Claudin 7 untersucht wurden. Allerdings wurde hier dem Blut der Gesunden keine 
Tumorzelle zugegeben sondern definierte Mengen von Epithelialzellen. WIe aus Figur 5 unmittelbar hervorgeht, zeigen 
lediglich zwei der Marker bei einer sehr hohen Zahl von epithelialen Zellen ein positives Ergebnis. 
[0070] In Figure wurden TumorzellenzweierverschiedenerBrustkrebszellinien(MCF-7 und SKBR-3)einerBIutprobe 
20 zugegeben. Als Antikorper wurden die Antik5rper Ber-Ep 4, HMPV.2 und GP1.4 in Kombination eingesetzt. Wie un- 
mittelbar zu erkennen ist, wird durch den Einsatz der vier mRNS-Marker GA 733.2, CA 15.3, Her 2 und Claudin 7 
jeweits gesichert bis herab zu 10 Zellen der einzelnen Zellinien pro Milliliter eine Erkennung der Brustkrebszellen 
gewShrleistet. Eine unspezlfische Reaktion in Blut ohne Brustkrebszellen trat nicht auf. Allerdings sind die Tumormarker 
GA 733.2 und CA 1 5.3 fur die Zellinie 2 (SKBR-3) sensitiver, wahrend der Tumormarker Her 2 fur die Zellinie 1 (MCF- 
25 7) sensitiver ist. So konnen dann auch die einzelnen Untertypen von Brustkrebszellen anhand des aufgetretenen 
Markermusters voneinander unterschieden werden. 

[0071] Auch In Figur 7 sind Brustkrebszellen verschiedener Zellinien (MCF-7) in Figur 7A und SKBR 3 in Figur 7B 
in Blut inokuliert worden. Als Antikorper zur Selektion der Zellen aus der Blutprobe wurden die Antikorper Ber-Ep 4, 
HMPV.2 und GPI.4 in Kombination venvendet. Es ist unmittelbar zu erkennen, daK bei Einsatz einer Kombination der 
30 mRNA-Marker GA 733.2, CA 15.3 Her 2 und Claudin 7 in jedem Falle mindestens einer der Marker bis herab zu 2 
Zellen pro 5 Milliliter positiv reagiert, ohne dali das Blut ohne Tumorzellen einen Expressionshintergrund liefem wurde. 
Auch hier ist wieder ein differenzielles Ansprechverhalten der belden Zellinien auf die vier unterschiedlichen mRNS-Mar- 
ker zu erkennen. 

[0072] Befinden sich beispielsweise jedoch in einer Blutprobe beide Zellinien, so ware durch die gewahit Marker- 
35 kombination in jedem Falle bis herab von 2 Zellen pro 5 Milliliter Blut eine Erkennung beider Zellinien gewahrleistet, 
d. h. der Nachweis von Brustkrebszellen im Blut ware unabhangig vom Zelltyp der Brustkrebszetlinie mit hoher Sen- 
sltivitSt mdglich. 

[0073] Figur 8 zeigt den Nachweis von Darmkrebszellen, die in Blut inokuliert wurden. Dabei erfolgte die Selektion 
der Zellen mit den zwei Antikorpern Ber-Ep 4 und MOC-31 . Der molekularbiologische Nachweisschritt erfolgte mit den 
40 mRNS-Markem GA 733.2, CEA und EGF-R. Zwei Tumorzellen waren in 5 Milliliter Blut nachweisbar. 

[0074] Figur 9 zeigt wiederum eine Messung mit einer Kombination aus drei Antikorpern Ber-Ep 4 , MOC-31 und 
8B6 sowie den mRNA-Markern GCAP/PLAP, GA 733.2, GRPR und HMGI-C an Blut. in das Hodenkrebszellen inokuliert 
wurden. 

[0075] Mit jedem der molekularbiologischen Marker gelingt bei Einsatz dieser Dreierkombination von Antikorpern 
45 fur die Zellselektionierung im immunologischen Selektionierungsschritt der Nachweis bis herab zu 2 Zellen pro 5 Mil- 
liliter. 

[0076] Figur 1 0 zeigt abschlieHend die Abtrennung von seltenen Zellen aus dem Zellgemisch eines Biopsiematerials. 
Hierzu wurden Biopsiematerial aus Bmstgewebe, das Tumorgewebe mit einem vermuteten Primartumor enthielt, me- 
chanlsch vereinzelt und uber Gaze von Zelltrummern, BIndegewebe etc. getrennt. Das gewonnene Zellgemisch, das 

50 sowohl Zellen des vermuteten Tumorgewebes als auch Zellen des umliegenden gesunden Gewebes enthielt, wurde 
einer Zellselektion mit einem an eine Festphase gekoppelten Antikorpergemisch (Magnetpartlkel mit Antikorpern 

GP1 .4, HMPV.2 und Ber-Ep 4) versetzt und nach Inkubation zur Herstellung der Antigen-Antik6rperblndung magnetisch 

separiert. Anschliellend erfolgte ein mRNS-Nachweis bezuglich der Marker GA 733.2 und Her 2. Als Kontrolle wurde 
zugleich eine Zellinie eines Brustkrebses parallel ebenfalls bestimmt. Wie zu erkennen ist, erfolgt ein posltlver Nach- 

55 weis, dall die Biopsie tatsSchlich einen Brustkrebs-Tumor enthielt. 

[0077] Die Banden, die in den Figuren 8 und 9 mit "Positivkontrolle" gekennzeichnet sind, zeigen Ergebnisse von 
Proben mit der Zellinien HT 29 fur Darmtumor (Fig. 8) bzw. Tera/i fur Hodentumor (Fig. 9). 
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Patentanspruche 

1. Verfahren zum qualltativen und/oder quantitatlven Nachweis von vorbestimmten biologischen Zellen aus bzw. in 
einer blologische Zellen enthaltenden Probe, wobei 

5 die Probe mit einer vorbestimmten Kombination von mindestens zwei Antikorpern und/oder Antikorperderivaten, 

die mit ihren Bindungsstellen an verschiedene auf den nachzuweisenden Zellen praferentiell vorhandene Epitope 
binden, und/oder mit mindestens einem bispezifischen Antikorper und/oder Antikorperderivat, der/das mit seinen 
beiden Bindungsstellen an unterschiedliche auf den nachzuweisenden Zeilen praferentiell vorhandene Epitope 
bindet, versetzt wird, 

10 die mit mindestens einem der Antikorper und/oder Antikorperderivate markierten Zellen aus der Probe abgetrennt 

werden. 

und die abgetrennten Zellen mit einer vorbestimmten Kombination mindestens zweier molekularbiologischer Nach- 
weisreagentien auf die Expression einer vorbestimmten Kombination mindestens zweier mRNA-Abschnitte gepruft 
werden. deren Expression in den nachzuweisenden Zellen praferentiell erfolgt, und 
15 erfasst wird, ob zumindest einer der mRNA-Abschnitte exprimiert 1st. 

2. Verfahren nach dem vorhergehenden Anspruch dadurch gekennzeichnet, dass die Abtrennung der markierten 
Zellen in Flussigphase Oder Festphase erfolgt 

20 3. Verfahren nach einem der vorhergehenden AnsprQche, dadurch gekennzeichnet, dass auf Festphasen gekop- 
pelte Antikorper oder Antikorperderivate venvendet werden, um die Zielzellen aus der Probe abzutrennen. 

4. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass mit Fluorophoren mar- 
kierte Antikorper Oder Antikorperderivate verwendet werden und die Abtrennung der markierten Zellen aus der 

25 Probe mittels DurchfluRzytometrie (fluoreszenzassoziierte Zelltrennung, FACS) erfolgt,. 

5. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet; dass mit magnetischen bzw. 
pseudomagnetischen Partikein gekoppelte Antikorper oder Antikorperderivate verwendet werden und zur Abtren- 
nung der markierten Zellen aus der Probe die magnetischen bzw. pseudomagnetischen, antikorpergekoppelten 

30 Partikel nach der Mischung mit der Probe magnetisch von der Probe getrennt werden. 

6. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die Antikorper oder An- 
tikorperderivate Bindungsstellen aufweisen, die an Tumorzellen binden. 

35 7. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die Antikorper oder An- 
tikorperderivate Bindungsstellen aufwelsen, die an Zellen eines oder mehrerer bestimmter Tumortypen oder-un- 
tertypen binden. 

8. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass zur Abtrennung von Tu- 
^0 morzellen oder Zellen eInes bestimmten Tumortyps oder -subtyps die Antikorper oder Antikorperderivate Bin- 
dungsstellen aufweisen, die an Epitope eines epithelialen Antigens, eines epithelialen Membranantigens, des An- 
tigens MUC1 und/oder des Antigens PLAP binden. 

9. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass mindestens einer der 
45 Antikorper GP1.4, MOC-31, Ber-EP4, HMPV.2. 8B6. E29 und/oder 131-11741 verwendet wird. 

10. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass zur Abtrennung von Tu- 
morzellen allgemein oder eines bestimmten Typs oder Subtyps eine Kombination von Antikorpern verwendet wird, 
die die AntikSrper Ber-EP4 und M0C31 oder mindestens zwei der AntlkCrper HMPV.2, GP1 .4 und Ber-EP4 enthait. 

50 

11. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass zur Abtrennung von 

- -Brusttumorzellen eine Kombination von AntikSrpem verwendet -wird, die- mindestens -zwei der Afltikorper - 
131-11741 , GP1 .4. E29 und HMPV.2 oder mindestens zwei der Antikorper HIKEIV.2. GP1 .4 und Ber-EP4 enthalt. 

55 12. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass zur Abtrennung von 
Darmtumorzellen eine Kombination von Antikorpern venA^endet wird, die die Antikorper Ber-EP4 und MOC-31 
enthalt. 
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13. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass zur Abtrennung von Ho- 
dentumorzellen eine Kombination von AntikOrpern verwendet wird. die mindestens zwei der Antikorper M0C31, 
Ber-EP4 und 8B6 enthait. 

14. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass zum Nachweis von Tu- 
morzellen oder Zellen eines bestimmten Tumortyps oder -subtyps eine Kombination von mRNS-Abschnitten ge- 
pruft wird, die mRNS-Abschnitte korrespondierend zu Sequenzabschnitten mindestens zwei der Gene GA733,2, 
EGFR, CEA. HER2/neu. Claudin-7 (CLDN7). GCAP(ALPPL2)/ALPP. GRPR, HMGIC. CK20. MAGE3. IVIUC1 und 
Stanniocalcin (STC1 ) enthSit. 

15. Verfahren nach dem vorhergehenden Anspruch, dadurch gekennzeichnet, dass zum Nachweis von Tumorzellen 
Oder Zellen eines bestimmten Tumortyps oder -subtyps eine Kombination von mRNS-Abschnitten gepruft wird, 
die mRNS-Abschnitte korrespondierend zu Sequenzabschnitten mindestens zwei der Gene EGFR, GA733.2 und 
HER-2/NEU enthalt. 

16. Verfahren nach Anspruch 14, dadurch gekennzeichnet, dass zum Nachweis von Brusttumorzellen eine Kombi- 
nation von mRNS-Abschnitten venwendet wird, die mRNS-Abschnitte korrespondierend zu Sequenzabschnitten 
mindestens zwei der Gene GA733.2. IVIUC1, Her-2/neu, Claudin7, CK20. PIAGE3, Stanniocalcin, EGFR und CEA 
enthalt. 

17. Verfahren Anspruch 16. dadurch gekennzeichnet, dass zum Nachweis von Brusttumorzellen eine Kombination 
von mRNS-Abschnitten venA^endet wird. die mRNS-Abschnitte korrespondierend zu Sequenzabschnitten der bei- 
den Gene GA733.12 und l\4UC1, korrespondierenden zu Sequenzabschnitten der beiden Gene Her-2/neu und 
Claudin7, korrespondierend zu Sequenzabschnitten mindestens zwei der Gene CK20, MAGE-3 und MUC1 und/ 
Oder korrespondierend zu Sequenzabschnitten mindestens zwei der Gene Stanniocalcin, EGFR und CEA enthalt. 

18. Verfahren nach Anspruch 14, dadurch gekennzeichnet, dass zum Nachweis von Darmtumorzellen eine Kombi- 
nation von mRNS-Abschnitten ven^^endet wird. die mRNS-Abschnitte korrespondierend zu Sequenzabschnitten 
mindestens zwei der Gene CK20, EGFR, GA733.2. CEA und Stanniocalcin enthSlt. 

19. Verfahren nach Anspruch 18, dadurch gekennzeichnet, dass zum Nachweis von Darmtumorzellen eine Kombi- 
nation von mRNS-Abschnitten verwendet wird, die mRNS-Abschnitte korrespondierend zu Sequenzabschnitten 
mindestens zwei der Gene CK20, EGFR, CEA und Stanniocalcin und/oder korrespondierend zu Sequenzabschnit- 
ten mindestens zwei der Gene EGFR, CEA und GA733.2 enthalt. 

20. Verfahren nach Anspruch 14, dadurch gekennzeichnet, dass zum Nachweis von Hodentumorzellen eine Kom- 
bination von mRNS-Abschnitten verwendet wird, die mRNS-Abschnitte korrespondierend zu Sequenzabschnitten 
mindestens zwei der Gene ALPP/ALPPL2 (GCAP). CGA733.2(=EGP-40), HMGI-C, GRPR enthalt. 

21. Verfahren, nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die mRNS-Abschnitte 
unter Verwendung von Polymerasekettenreaktion (PGR). LCR, NASBA RT-PCR und/oder Hybridislerungsverfah- 
ren vervielfaltigt und/oder nachgewlesen werden. 

22. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die mRNS der abge- 
trennten Zellen in cDNS revers transkribiert. die cDNS vervielfaltigt und anschlieRend das Vorhandensein oder 
Fehlen des nachzuweisenden mRNS-Abschnittes erfasst wird. 

23. Verfahren nach dem vorhergehenden Anspruch, dadurch gekennzeichnet, dass die vervielfaltigte cDNS durch 
geelgnete Restriktionsenzyme verdaut und anhand der erzeugten cDNS-Bruchstucke das Vorhandensein oder 
Fehlen der nachzuweisenden mRNS erfasst wird (Fragmentanalyse). 

- 24"Verfahren nach-einem der beiden vorhergehenden-Anspruche, dadurch gekennzelchnetv dass die-der nachzu- 
weisenden mRNS entsprechende cDNS mittels fluoreszenzbasierter Echtzeit -PCR bestimmt wird. 

25. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass als interne Kontrolle die 
mRNS des Proteins P-Aktin erfasst wird. 

26- Venwendung eines Verfahrens nach einem der vorhergehenden Anspruche zum Nachweis von Zellen seltenen 
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Typs in Suspenslonen und Zellmischungen, insbesondere von Tumorzellen, Epithelzellen und/oder Endothelzellen 
in K5rperftussigkeiten. periplierem Blut, Sputum, Ascites, Lymphe. Urin, Knochenmark und/oder Biopsiematerial 
und/oder von fdtalen Zellen in Amnionflussigkeit Oder maternalem peripherem Blut. 

27. Verwendung nach dem vorhergehenden Anspruch zur Diagnostik und/oder Behandlungskontrolle von Tumorer- 
krankungen. 

28. Ven/vendung nach dem vorhergehenden Anspaich zur Diagnostik und/oder Behandlungskontrolle von Hodentu- 
mor, Brusttumor und/oder Darmtumor. 



Claims 

1 . Method for qualitative and/or quantitative detection of predetermined biological cells from or in a sample containing 
biological cells, wherein 

the sample is mixed with a predetermined combination of at least two antibodies and/or antibody derivatives, which 
bind with their binding sites to different epitopes which are preferentially present on the cells to be detected, 
and/or with at least one bispecific antibody and/or antibody derivative, which binds with its two binding sites to 
different epitopes which are preferentially present on the cells to be detected, 

the cells marked with at least one of the antibodies and/or antibody derivatives are separated from the sample, 
and the separated cells are tested with a predetermined combination of at least two molecular-biological detection 
reagents for the expression of a predetermined combination of at least two mRNA portions, the expression of 
which is effected preferentially in the ceils to be detected, and 
it is detected whether at least one of the mRNA portions is expressed. 

2. Method according to the preceding claim, characterised In that the separation of the marked cells is effected in 
liquid phase or solid phase. 

3. Method according to one of the preceding claims, characterised In that antibodies or antibody derivatives coupled 
to solid phases are used in order to separate the target cells from the sample. 

4. Method according to one of the preceding claims, characterised in that antibodies or antibody derivatives marked 
with fluorophores are used and the separation of the marked cells from the sample is effected by means of flow 
cytometry (fluorescence-associated cell separation, FACS). 

5. Method according to one of the preceding claims, characterised in that antibodies or antibody derivatives coupled 
to magnetic or pseudo-magnetic particles are used and in order to separate the marked cells from the sample, the 
magnetic or pseudo-magnetic antibody-coupled particles after mixing with the sample are separated magnetically 
from the sample. 

6. Method according to one of the preceding claims, characterised In that the antibodies or antibody derivatives 
have binding sites which bind to tumour cells. 

7. Method according to one of the preceding claims, characterised in that the antibodies or antibody derivatives 
have binding sites which bind to cells of one or more specific tumour types or sub-types. 

8. Method according to one of the preceding claims, characterised in that, in order to separate tumour cells or cells 
of a specific tumour type or sub-type, the antibodies or antibody derivatives have binding sites which bind to 
epitopes of an epithelial antigen, of an epithelial membrane antigen, of the antigen MUC1 and/or of the antigen 
PLAP. 

-8r Method acGording to ene of the preceding-claimsrCharacterised in-that at least one of the antibodies GP 1.4,-- 
MOC-31, Ber-EP 4, HMPV.2. 8B6, E29 and/or 131-11741 is used. 

10. Method according to one of the preceding claims, characterised in that, in order to separate tumour cells in 
general or of a specific type or sub-type, a combination of antibodies is used, which contains the antibodies Ber-EP4 
and M0C31 or at least two of the antibodies HMPV.2, GP1.4^and Ber-EP4. 
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1 1 . Method according to one of the preceding claims, characterised in that, in order to separate breast tumour cells, 
a combination of antibodies is used, which contains at least two of the antibodies 131-11741, GPI.4, E29 and 
HMPV.2 or at least two of the antibodies HMEIV.2. GPI.4 and Ber-EP4. 

12. Method according to one of the preceding claims, characterised in that, in order to separate colon tumour cells, 
a combination of antibodies is used, which contains the antibodies Ber-EP4 and MOC-31 . 

13. Method according to one of the preceding claims, characterised in that, in order to separate testicular tumour 
cells, a combination of antibodies is used, which contains at least two of the antibodies M0C31 , Ber-EP4 and 886. 

14. Method according to one of the preceding claims, characterised in that, in order to detect tumour cells or cells 
of a specific tumour type or sub-type, a combination of mRNA portions is tested, which contains mRNA portions 
corresponding to sequence portions of at least two of the genes GA733.2, EGFR, CEA, HER2/neu, claudin-7 
(CLDN7), GCAP (ALPPL2)/ALPP. GRPR, HMGIC. CK20, MAGE3, MUC1 and stanniocalcin (STC1 ). 

15. Method according to the preceding claim, characterised in that, in order to detect tumour cells or cells of a specific 
tumour type or sub-type, a combination of mRNA portions is tested, which contains mRNA portions corresponding 
to sequence portions of at least two of the genes EGFR, GA733.2 and HER-2/NEU. 

16. Method according to claim 14, characterised In that, in order to detect breast tumour cells, a combination of 
mRNA portions is used, which contains mRNA portions corresponding to sequence portions of at least two of the 
genes GA733.2, MUC1. Her-2/neu, claudin7, CK20, PIAGE3, stanniocalcin, EGFR and CEA. 

17. Method according to claim 16, characterised in that, in order to detect breast tumour cells, a combination of 
mRNA portions is used, which contains mRNA portions corresponding to sequence portions of both genes 
GA733.12 and MUC1 , corresponding to sequence portions of both genes Her-2/neu and claudin7, corresponding 
to sequence portions of at least two of the genes CK20, MAGE-3 and MUC1 and/or corresponding to sequence 
portions of at least two of the genes stanniocalcin, EGFR and CEA. 

18. Method according to claim 14, characterised in that, in order to detect colon tumour cells, a combination of mRNA 
portions is used, which contains mRNA portions corresponding to sequence portions of at least two of the genes 
CK20, EGFR, GA733.2, CEA and stanniocalcin. 

19. Method according to claim 1 8. characterised in that, in order to detect colon tumour cells, a combination of mRNA 
portions is used, which contains mRNA portions corresponding to sequence portions of at least two of the genes 
CK20, EGFR, CEA and stanniocalcin and/or corresponding to sequence portions of at least two of the genes 
EGFR, CEA and GA733.2. 

20. Method according to claim 14, characterised in that, in order to detect testicular tumour cells, a combination of 
mRNA portions is used, which contains mRNA portions corresponding to sequence portions of at least two of the 
genes ALPP/ALPPL2 (GCAP). CGA733.2 (=EGP-40), HMGI-C, GRPR. 

21. Method according to one of the preceding claims, characterised in that the mRNA portions are multiplied and/or 
detected using polymerase chain reaction (PCR), LCR. NASBA RT-PCR and/or hybridisation methods. 

22. Method according to one of the preceding claims, characterised in that the mRNA of the separated cells is tran- 
scribed reversely Into cDNA, the cDNA is multiplied and subsequently the presence or absence of the mRNA 
portion to be detected is detected. 

23. Method according to the preceding claim, characterised in that the multiplied cDNA Is digested by suitable re- 
striction enzymes and the presence or absence of the mRNA to be detected is detected by means of the produced 

— €DNA fragments (fragment analysis). - — ~~ > — - 

24. Method according to one of the two preceding claims, characterised in that the cDNA corresponding to the mRNA 
to be detected is determined by means of fluorescence-based real time-PCR. 

25. Method according to one of the preceding claims, characterised in that the mRNA of the protein p-actin is detected 
as internal control. 
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26. Use of a method according to one of the preceding claims for detecting cells of an uncommon type in suspensions 
and cell mixtures, in particular tumour cells, epithelial cells and/or endothelial cells, in body fluids, peripheral blood, 
sputum, ascites, lymph, urine, bone marrow and/or biopsy material and/or foetal cells in amniotic fluid or maternal 
peripheral blood. 

27. Use according to the preceding claim for diagnostics and/or treatment control of tumour diseases. 

28. Use according to the preceding claim for diagnostics and/or treatment control of testicular tumour, breast tumour 
and/or colon tumour. 



Revendications 

1. Precede de detection qualitative et/ou quantitative de cellules biologlques prSd^termlnees dans un Schantillon 
contenant des cellules biologlques, dans lequel I'^chantillon est melange a une combinaison predeterminee d'au 
moins deux anticorps et/ou derives d'anticorps, qui se fixent, par leurs points de fixation, sur divers epitopes pre- 
sents pr6f§rentiellement sur les cellules k dStecter, et/ou d au moins un anticorps et/ou un d6riv6 d'anticorps 
bispecifique, qui se fixe, par ses deux points de fixation, sur differents Epitopes presents pr6f6rentiellement sur 
les cellules a detecter, 

les cellules marquees par au moins un des anticorps et/ou des derives d'anticorps sont separees de I'echan- 

tillon, 

et les cellules separees sont testees avec une combinaison predeterminee d'au moins deux reactifs de de- 
tection de biologie moleculaire pour deceler I'expression d'une combinaison pr6d6tenmlnee d'au moins deux seg- 
ments d'ARNm dont I'expression s'effectue de preference dans les cellules d d6tecter, et 

on detecte si au moins un des segments d'ARNm est exprime. 

2. Precede selon la revendication precedente, caracterise en ce que la separation des cellules marquees s'effectue 
en phase liquide ou en phase solide. 

3. Precede selon Tune quelconque des revendications precedentes, caracterise en ce qu'on utilise des anticorps 
ou des derives d'anticorps couples ^ des phases solides pour separer les cellules cibles de rechantillon. 

4. Precede selon I'une quelconque des revendications precedentes, caracterise en ce qu'on utilise des anticorps 
ou des derives d'anticorps marqu6s avec des fluorophores et en ce que la separation des cellules marquees de 
rechantillon s'effectue par cytom^trie d§bitm6trique (separation cellulaire associ^e d la fluorescence. FACS). 

5. Precede selon I'une quelconque des revendications precedentes, caracterise en ce qu'on utilise des anticorps 
ou des derives d'anticorps couples avec des particules magnetiques ou pseudomagnetiques, et 

en ce que, pour separer les cellules marquees de rechantillon, on separe magnetlquement de rechantillon 
les particules magnetiques ou pseudomagnetiques coupiees avec les antlcorps apres melange avec rechantillon. 

6. Precede selon I'une quelconque des revendications precedentes. caracterise en ce que les anticorps ou les 
derives d'anticorps presentent des points de fixation qui se fixent sur des cellules tumorales. 

7. Precede selon I'une quelconque des revendications precedentes, caracterise en ce que les anticorps ou les 
derives d'anticorps presentent des points de fixation qui se fixent sur des cellules d'un ou plusieurs types ou sous- 
types determines de tumeur. 

8. Precede selon I'une quelconque des revendications precedentes, caracterise en ce que, pour separer des cellules 
tumorales ou des cellules d'un type ou d'un sous-type determine de tumeur, les anticorps ou les derives d'anticorps 
presentent des points de fixation qui se fixent sur des epitopes d'un antigene epithelial, d'un antigene membranaire 

- - epitheiialrde-l'antigene-MUGI et/ou de-l'antigene PI-AP^ — - — 

9. Precede selon I'une quelconque des revendications precedentes, caracterise en ce qu'on utilise au moins un 
des anticorps GP1.4, MOC-31, Ber-EP4. HMPV.2, 8B6. E29 et/ou 131-11741. 

10. Precede selon i'une quelconque des revendications precedentes. caracterise en ce que, pour separer des cellules 
tumorales de maniere generale ou d'un type ou d'un sous-type determine, on utilise une combinaison d'anticorps 
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qui contient les anticorps Ber-EP4 et M0C31 ou au moins deux des anticorps HMPV.2, GP1.4 et Ber-EP4. 

11. Procede selon Tune quelconque des revendications precedentes, caracterise en ce, pour separer des cellules 
de tumeurs du sein, on utilise une combinaison d'anticorps qui contient au moins deux des anticorps 131-11741, 
GP1.4, E29 et HMPV.2 ou au moins deux des anticorps HMEIV.2. GP1.4 et Ber-EP4. 

12. Procede selon Tune quelconque des revendications precedentes. caracterise en ce que, pour s6parer des cellules 
de tumeur Intestinale, on utilise une combinaison d'anticorps qui contient les anticorps Ber-EP4 et MOC-31. 

13. Procede selon Tune quelconque des revendications precedentes, caracterise en ce que, pour separer des cellules 
de tumeurs testicuiaires, on utilise une combinaison d'anticorps qui contient au moins deux des anticorps M0C31 , 
Ber"EP4 et 8B6. 

14. Proc^d^ selon Tune quelconque des revendications precedentes. caract6ris6 en ce que, pour d^tecter des cel- 
lules tumorales ou des cellules d'un type ou sous-type predetermine de tumeur. on teste une combinaison de 
segments d'ARNm qui contient des segments d'ARNm correspondant a des segments de sequence d'au moins 
deux des g§nes GA733.2, EGFR. CEA, HER2/neu, Claudin-7 (CLDN7), GCAP(ALPPL2)/ALPP, GRPR. HMGIC. 
CK20. MAGE3. MUC1 et stanniocalcine (STC1 ). 

15. Procede selon la revendication precedente, caracterise en ce que, pour detecter des cellules tumorales ou des 
cellules d'un type ou d'un sous-type determine de tumeur, on teste une combinaison de segments d'ARNm qui 
contient des segments d'ARNm correspondant a des segments de sequence d'au moins deux des genes EGFR, 
GA733.2 et HER-2/NEU, 

16. Procede selon la revendication 4, caracterise en ce que, pour detecter des cellules tumorales du sein, on emploie 
une combinaison de segments d'ARNm qui contient des segments d'ARNm correspondant d des segments de 
sequence d'au moins deux des genes GA733.2, MUC1. Her-2/neu, ClaudinZ, CK20, PIAGE3, stanniocalcine. 
EGFR et CEA. 

17. Proced§ selon la revendication 16, caracterise en ce que, pour detecter des cellules tumorales du sein, on utilise 
une combinaison de segments d'ARNm qui contient des segments d'ARNm correspondant a des segments de 
sequence des deux genes GA733.12 et MUC1 , correspondant d des segments de sequence des deux genes Her- 
2/neu et Claudin7. correspondant a des segments de sequence d'au moins deux des g^nes CK20, MAGE-3 et 
MUC1 et/ou correspondant a des segments de sequence d'au moins deux des genes stanniocalcine, EGFR et 
CEA. 

18. Proc6d§ selon la revendication 14, caractdris^ en ce que. pour d6tecter des cellules de tumeurs intestinales, on 
emploie une combinaison de segments d'ARNm qui contient des segments d'ARNm correspondant ei des seg- 
ments de sequence d'au moins deux des genes CK20, EGFR. GA733.2, CEA et stanniocalcine. 

19. Procede selon la revendication 18, caracterise en ce que, pour detecter des cellules de tumeurs intestinales, on 
utilise une combinaison de segments d'ARNm qui contient des segments d'ARNm correspondant a des segments 
de sequence d'au moins deux des g^nes CK20, EGFR, CEA et stanniocalcine et/ou con-espondant d des segments 
de sequence d'au moins deux des g^nes EGFR, CEA et GA733.2. 

20. ProcSd6 selon la revendication 14, caract6ris6 en ce que, pour detecter des cellules de tumeurs testiculaires, 
on emploie une combinaison de segments d'ARNm qui contient des segments d'ARNm correspondant a des seg- 
ments de sequence d'au moins deux des genes ALPP/ALPPL2 (GCAP). CGA733.2 (=EGP-40). HMGI-C et GRPR. 

21. Proced§ selon I'une quelconque des revendications precedentes, caracterise en ce que Ton replique et/ou detecte 
les segments d'ARNm en utilisant une amplification en chame par polymerase (PCR), LCR, NASBA RT-PCR et/ 
ou un-proced6 d'hybridation.- — 

22. Procede selon I'une quelconque des revendications precedentes. caracterise en ce que les ARNm des cellules 
s^par^es sont transcrits d {'inverse dans des ADNc et les ADNc sont r^pliqu^s et. ensuite. on d^c^le la presence 
ou I'absence du segment d'ARNm a detecter. 

23. Precede selon la revendication precedente. caracterise en ce que I'ADNc replique est digere par des enzymes 
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de restriction appropriees et la presence ou I'absence des ARNm a detecter est decelee a I'aide des fragments 
d'ADNc produits (analyse fragmentaire). 

24. Precede selon Tune quelconque des deux revendications precedentes, caracterise en ce que I'ADNc correspon- 
dant d TARNm ^ d§tecter est d6ten7iin6 au moyen d'une PGR en temps reel d base fluorescente. 

25. Precede selon Tune quelconque des revendications precedentes. caracterise en ce qu'on decele comme temoin 
interne I'ARNm de la proteine p-actine. 

26. Utilisation d'un precede selon I'une quelconque des revendications precedentes pour detecter des cellules d'un 
type rare dans des suspensions et des melanges cellulaires, en particulier de cellules tumorales, de cellules epi- 
th^liales et/ou de cellules endotheliales dans des liquides corporels, le sang p^ripherique, des expectorations, 
des ascites, de la lymphe, de Turine. la moelle osseuse et/ou un materiau biopsique et/ou des cellules foetales 
dans le liquide amniotique ou le sang p6riph6rique matemel. 

27. Utilisation selon la revendication precedente pour le diagnostic et/ou le controle de traitement de maladies tumo- 
rales. 

28. Utilisation selon la revendication precedente pour le diagnostic et/ou le controle de traitement de tumeurs testicu- 
laires, de tumeurs du sein et/ou de tumeurs intestinales. 
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(54) Microfluidic pumping systenn 

(57) A microfluidic device (10) Including a fluidic 
pumping system (30) is provided. Some embodiments 
include a fluid*carrying channel (22), a plurality of 
acoustic pumping elements (32) arranged along the flu- 
id-carrying channel, wherein the acoustic pumping ele- 
ments (32) are configured to forni an acoustic wave fo- 



cused within the channel (22), and a controller (200) In 
electrical communication with the plurality of acoustic 
pumping elements (32), the controller (200) being con- 
figured to activate the acoustic pumping elements (32) 
In such a manner as to cause the acoustic wave to move 
along the channel (22) to move the fluid through the 
channel (22). 
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Description BRIEF DESCRIPTION OF THE DRAWINGS 



BACKGROUND 

[0001] Recent advances in fluldic technology have led 
to the development of integrated chemical and biologi- 
cal analytical devices that place both electrical and flu- 
ldic systems on a single substrate. These devices some- 
times are referred to as "laboratory-on*a*chip" devices, 
and may offer advantages over the use of larger, tradi- 
tional analytical devices. For example, integrated ana- 
lytical devices may consume smaller quantities of rea- 
gents and/or solvents, may occupy a smaller footprint 
in a laboratory, and/or may be easier to adapt for use in 
the field. 

[0002] Fully or partially integrated chemical and bio- 
logical analytical systems typically include a microfluidic 
network for moving fluids through the system. The term 
"microfluidic" typically refers to systems and processes 
for moving fluids through very small channels, for exam- 
ple, with micron-scale diameters. A microfluidic network 
may Include a wide variety of components, Including, but 
not limited to, valves for controlling access to fluid chan- 
nels, mixers for mixing reaction components and/or car- 
rier fluids, and pumps for moving fluids through the net- 
work. 

[0003] Various types of pumps are known for use in 
microfluidlcs systems. For example, some microfluldics 
systems utilize mechanical pumps that move fluids 
through the system via mechanically created pressure 
differentials. However, such pumping devices may be 
difficult to fabricate, and also may be damaged by im- 
purities In the sample. Other microfluldics systems may 
utilize electroosmotic pumping devices, in which an 
electric field is used to drive a polar fluid through a chan- 
nel. vHowever, these systems may utilize a high voltage 
(on the order of kilovolts) to drive movement of the fluid, 
and may be sensitive to Impurities that adsorb to the wall 
of the channel. Furthermore, electroosmotic pumping 
devices may not be able to pump effectively nonpolar or 
only slightly polar solvents. 

SUMMARY 

[0004] Some embodiments of the present Invention 
provide a microfluidic device including a fluidic pumping 
system. The fluidic pumping system includes a fluid-car- 
rying channel/a plurality of acoustic pumping elements 
arranged along the fluid-carrying channel, wherein the 
acoustic pumping elements are configured to form an 
acoustic wave focused within the channel, and a con- 
troller in electrical communication with the plurality of 
acoustic pumping elements, the controller being config- 
ured to activate the acoustic pumping elements in such 
a manner as to cause the acoustic wave to move along 
the channel to move the fluid through the channel. 



[0005] 

5 Fig. 1 1s a block diagram of an integrated analytteal 
device according to an embodiment of the present 

Invention. 

Fig. 2 is an isometric view of a pumping system of 
the microfluidic network of the embodiment of Fig. 
10 1. 

Fig. 3 is a front sectional view of a pumping element 
taken along line 3-3 of Fig. 2. 
Fig. 4 is a side sectional view of a plurality of pump- 
ing elements taken along line 4-4 of Fig. 2. 
15 Fig. 5 is an isometric view of a pumping system ac- 
cording to a second embodiment of the present In- 
vention. 

Fig. 6 Is a front sectional view of a pumping element 
taken along line 6-6 of Fig. 5. 
Fig. 7 is a side sectional view of a plurality of pump- 
ing elements taken along line 7-7 of Fig. 5. 
Fig. 8 is a block diagram of an exemplary control 
system suitable for use with a pumping system ac- 
cording to the present invention. 

DETAILED DESCRIPTION 

[0006] Fig. 1 shows, generally at 1 0, a simplified block 
diagram of a microfluidic device according to an embod- 
iment of the present invention. Microfluidic device 1 0 in- 
cludes an input 12, a microfluidic network 14, and an 
output 16. 

[0007] Input 1 2 is configured serve as an Interface be- 
tween mrcrofluidic network 1 4 and macroscopic compo- 
nents positioned upstream of the mterofluidic network in 
an overall process flow, and may be configured to ac- 
cept the introduction of one or more fluids into devtee 
1 0. Any suitable fluid may be Introduced Into microfluidic 
device 10 via input 12. Examples include, but are not 
limited to, biological or chemrcal samples contained 
within a liquid- or gas-phase carrier, and solvents, rea- 
gents, and other chemical components. 
[0008] input 12 may include a single input for receiv- 
ing a single analytical sample mixture, or may include 
multiple individual inputs for receiving a plurality of sub- 
stances. For example, input 12 may include a plurality 
of sample inputs that allow multiple samples to be intro- 
duced simultaneously to microfluidic device 10 for se- 
quential or parallel processing. Input 12 may also In- 
clude a plurality of reagent inputs configured to intro- 
duce one or more reagents for reaction with a sample. 
Furthermore, input 12 may Include electrical inputs con- 
figured to accept electrical signals for controlling and/or 
powering the various components of microfluidic net- 
work 14. 

[0009] Likewise, output 16 is configured to serve as 
an Interface between microfluidic network 14 and mac- 
roscopic components that are positioned downstream 
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of the microfluidic network in an overall process flow. 
Output 16 may include both electrical and fluidic out- 
puts. For example, output 1 6 may include a fluidic output 
configured to deposit waste fluids Into a waste recepta- 
cle, or to route fluids Into analytical instruments after 
processing within microfluidic network 14. Output 16 
may also include electrical outputs configured to output 
electrical signals. Examples of electrical signals that 
may be output from microfluidic network 14 include, but 
are not limited to, raw or processed data signals from 
an integrated sensor and/or circuit fomfied within micro- 
fluidic network 14. 

[001 0] Microf luidte network 1 4 may have any desired 

selection and arrangement of microfluidic components 
suitable for performing a selected task. Exemplary com- 
ponents that may be included in microfluidic network 14 
include, but are not limited to. mixers, storage cham- 
bers, separation columns, and channels, valves and 
pumping systems for connecting the various compo- 
nents. 

[0011] Fig. 2 shows, generally at 20. an exemplary 
channel structure and, generally at 30, a pumping sys- 
tem from microfluidic network 14 for moving a fluid 
through the microfluidic network. Channel structure 20 
includes a fluid-carrying channel 22 formed within a sub- 
strate 24 that is configured to carry a fluid between com- 
ponents within microfluidic network 14. Channel struc- 
ture 20 may also include a corrosion-resistant material 
26 (Fig. 3) to protect the inner surfaces of the channel 
from corrosive fluids. Alternatively, channel structure 
may not include material 26 on its inner surface, if the 
fluids being pumped are not significantly corrosive to the 
materials used to form channel structure 20. In these 
embodiments, the inner surface of the channel may be 
at least partially formed by pumping elements 32 of 
pumping system 30, which are described in more detail 
below. Pumping system 30 is configured to move fluids 
through channel 22 via the fomiatlon of focused acous- 
tic waves within the channel. Pumping system 30 may 
also be configured to move the acoustic waves along 
the length of channel 22 to create a peristaltic pumping 
effect. To form the acoustic waves, pumping system 30 
Includes a plurality of individual pumping elements 32 
disposed along the length of channel 22. While Fig. 2 
shows nine pumping elements 32 spaced evenly along 
the length of channel 22, it will be appreciated that any 
suitable number of pumping elements may be disposed 
along the length of the channel. Furthermore, while the 
depicted pumping elements 32 are evenly spaced along 
the length of channel 22, the pumping elements may al- 
so be spaced In any other manner along the length of 
the channel suitable to cause an acoustic wave to be 
focused at a desired location within the channel. 
[001 2] Pumping elements 32 are shown in more detail 
in Figs. 3-4. Each pumping element includes an inner 
electrode 34, an outer electrode 36, and a piezoelectric 
element 38 positioned between the inner and outer elec- 
trodes. The depicted pumping elements have a ring- 



shaped configuration, and concentrically surround 
channel 22. The application of a voltage pulse across 
piezoelectric element 38 via Inner electrode 34 and out- 
er electrode 36 causes the piezoelectric element to 
5 ' change physical dimensions, which thus creates a ring- 
shaped acoustic wave. The pulse may be of a constant 
voltage, or may be of a periodic voltage. Where a pulse 
of a periodic voltage is used to activate pumping ele- 
ments 32, the acoustic energy from one or more pump- 
10 ing elements 32 may constructively add at a selected 
location within channel 22, herein after referred to as the 
"focal region," to form a focused acoustic wave within 
the channel via acoustic Fresnel diffraction. It will be ap- 
preciated that, where protective material 26 is used to 
15 coat the interior of channel 22, the layer of material 26 
may be segmented in some manner to form expansion 
joints to allow the material to withstand the contractions 
and expansions of piezoelectric elements 38. 
[001 3] When an acoustic wave formed by one or more 
20 pumping element 32 is focused in channel 22, the pres- 
sure at the focal region is increased relative to the areas 
within channel 22 adjacent the focal region. This in- 
crease In local pressure at the focal region may drive a 
fluid within channel 22 away from the focal region. In 
25 this manner, a fluid may be moved along channel 22 by 
applying a pattern of pulses to the plurality of pumping 
elements 32 in a progressive manner along the length 
of channel 22. 

[0014] The plurality of pumping elements 32 may be 
30 activated in any number of different patterns and/or 
manners to form a focused acoustic wave within chan- 
nel 22. Where it is desired to position the focal region at 
the center of channel 22, a plurality of elements, each 
with a spacing of a multiple of one acoustic wavelength 
35 from the desired focal region, may be simultaneously 
activated. For example, in the embodiment depicted In 
Fig. 4. elements 32', 32" and 32'" may be simultaneous- 
ly activated, and If they are spaced such that they are 
located multiples of one wavelength from a focal region 
40 within channel 22 (for example, in the plane of element 
32'), a focused acoustic wave will be formed in the chan- 
nel at the focal region. Thus, where the sum of the radius 
of channel 22, the thickness of corrosion-proof material 
26, and the thickness of inner electrode 34 is approxi- 
45 mately 1 0 microns, and where channel 22 is configured 
to contain pure water (velocity of longitudinal waves In 
pure water is approximately 1480 m/s), then the appli- 
cation of a pulse containing a signal with a frequency of 
approximately 148 MHz may cause the production of a 
50 primary acoustic wave with a wavelength of approxi- 
mately 10 microns, and thus having a focal region In the 
plane of the element that produced the primary wave. 
Other elements spaced multiples of this wavelength 
from the focal region may be simultaneously activated 
55 to add constructively with the primary wave, and thus to 
form a focused wave at the focal region. 
[0015] Likewise, the focal region may be located at 
any other desired point within channel 22, either ak>ng 
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the length of or radially between the center and side of, 
channel 22 by selecting suitable combinations of ele- 
ments which are simultaneously activated according to 
the following relationship (for a "positive" Fresnel Half- 
Wave Band pattern having a concentric electrode pat- 
tern with an open center; other relationships may de- 
scribe other electrode patterns): 

where r^ Is the inner radius of a selected piezoelectric 
element 38, F is the focal length of the selected piezo- 
electric element, \ is the wavelength of the acoustic 
wave formed by the selected piezoelectric element at a 
selected RF frequency, and n = 1,3,5, .... Alternatively, 
the location of the focal region within channel 22 may 
also be varied by varying the frequency of the RF power 
applied to the piezoelectric element 38. 
[0016] Inner electrode 34, outer electrode 36 and pi- 
ezoelectric element 38 may have any suitable dimen- 
sions. For example, inner electrode 34, outer electrode 
36 and piezoelectric element 38 may each have a width 
(along the flow direction of channel 22), as narrow as 
1-2 microns, as wide as 10-20 microns, or outside of 
these ranges. 

[0017] inner electrode 34, outer electrode 36 and pi- 
ezoelectric element 36 may also have any desired thick- 
ness (along the radial direction of channel 22). For ex- 
ample, inner electrode 35 may have a thickness select- 
ed on the basis of how far the inner surface 40 of pie- 
zoelectric element 38 Is to be located from the center of 
the channel to position the focal region in a desired lo- 
cation within channel 22. Furthermore, in some embod- 
iments of Xm invention (described in more detail below), 
each pumping element 32 may include more than one 
piezoelectric element. In this situation, the radial thick- 
ness of each piezoelectric element and associated elec- 
trode pair may be chosen to provide resonance at a 
more desirable resonant frequency (which is deter- 
mined by the materials used to fonm each pumping ele- 
ment, and the thickness of the materials). 
[001 8] inner electrode 34 and outer electrode 36 may 
be made from any suitable material. For example, inner 
electrode 34 and outer electrode 36 may be made from 
an electrically conductive material selected for its com- 
patibility with a desired mariufacturing process. Where 
inner electrode 34 and outer electrode 36 are made from 
a material that is resistant to the fluids that are tp flow 
through channel 22, corrosion-resistant layer 36 may be 
omitted if desired. Examples of suitable materials for in- 
ner electrode 34 and outer electrode 36 include, but are 
not limited to, aluminum, copper, gold, and other elec- 
trically conductive materials. 
[0019] Likewise, piezoelectric element 38 may be 
made from any suitable piezoelectric material. Exam- 
ples of suitable materials include, but are not limited to. 



zinc oxide, quartz, lithium niobate, and lithium titanate. 
The piezoelectric material used to construct piezoelec- 
tric element 38 may be deposited or othenvlse formed 
in any suitable orientation. For example, where piezoe- 
5 lectric element 38 is fonned from zinc oxide, the [111] 
orientation of the zinc oxide may be directed toward the 
center of channel 22 to direct the acoustic wave toward 
the center of the channel in the plane of pumping ele- 
ment 32. 

[0020] Each pumping element 32 may be spaced 
from adjacent pumping elements 32 by any suitable dis- 
tance. For example, the spacing of pumping elements 
32 may be configured cause the acoustic energy emit- 
ted by selected elements to constructively interfere at a 
desired location by acoustic fresnel focusing. Where RF 
energy is used to activate pumping elements 32, exem- 
plary distances include, but are not limited to. those in 
the range of two to six microns. The distance separating 
adjacent pumping elements 32 may possibly depend 
upon the desired mode of operation of the pumping el- 
ements. For example, adjacent pumping elements 32 
may be configured to have different focal points in dif- 
ferent locations within channel 22. In this manner, mul- 
tiple adjacent pumping elements 32 may be activated 
simultaneously to create a progressively pinched focal 
region in the direction of fluid flow in the channel by ef- 
fectively forming a pressure gradient. Likewise, multiple 
pumping elements 32 may be activated simultaneously 
to create a larger area of increased pressure within 
channel 32. 

(0021 ] Figs. 5-7 show, generally at 1 30, a second em- 
bodiment of a pumping system suitable for use in micro- 
fluldic network 14. Pumping system 130 is similar to 
pumping system 30 in that a series of piezoelectric 
pumping elements are arranged along the length of a 
fluid-carrying channel 122 to move a fluid through the 
channel. Each pumping element 132 may be activated 
to form an acoustic pressure wave focused at a selected 
location within the interior of channel 1 22, and more than 
one adjacent pumping element may be activated simul- 
taneously as desired to obtain the desired focused 
acoustic wave. Also, the pattem of activated pumping 
elements 1 32 may be shifted along the length of channel 
1 22 to cause the acoustic pressure wave to move along 
the channel, and thus to move a fluid through the chan- 
nel via a peristaltic pumping effect. 
[0022] However, unlike pumping elements 32, pump- 
ing elements 132 each include two concentric piezoe- 
lectric elements. Referring to Figs. 6-7, each pumping 
element 132 includes an inner electrode 134, an inter- 
mediate electrode 136, an Inner piezoelectric element 
138 disposed between the inner electrode and interme- 
diate electrode, an outer electrode 140, and an outer 
piezoelectric element 1 42 disposed between the inter- 
mediate electrode and the outer electrode. 
[0023] Pumping system 130 may be operated in dif- 
ferent manners to create different pumping effects. For 
example, a single voltage pulse may be applied simul- 
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taneousty across inner piezoelectric element 138 and 
outer piezoelectric element 1 42. Wliere the geometries 
of inner piezoelectric element 138 and outer piezoelec- 
tric element 142 are configured to cause the pressure 
waves from each piezoelectric element to constructively 
interfere at the same focal region within channel 122, a 
more powerful pressure wave may be produced relative 
to the single piezoelectric configuration of pumping ele- 
ments 32. Altematively, inner piezoelectric element 138 
and outer piezoelectric element 142 may be configured 
to be individually controllable. 
[0024] Each of inner electrode 1 34, intermediate elec- 
trode 136, inner piezoelectric element 138, outer elec- 
trode 1 40 and outer piezoelectric element 1 42 may have 
any suitable dimensions. For example, the spacing be- 
tween adjacent pumping elements, and the width of 
each individual pumping element, may have values 
within the ranges discussed above for pumping ele- 
ments 32. 

[0025] Likewise, inner electrode 134, intermediate 
electrode 136, inner piezoelectric element 138, outer 
electrode 1 40 and outer piezoelectric element 1 42 each 
may have any suitable thickness In the radial direction. 
To avoid problems with destructive interference, the 
thickness of each of these elements may be selected to 
set the distances from the inner surface 1 44 of inner pi- 
ezoelectric element 1 38, and from the inner surface 1 46 
of outer piezoelectric element 142. a multiple of the 
wavelength of the acoustic wave generated by the pie- 
zoelectric elements. Because outer piezoelectric ele- 
ment 1 42 is located farther from the inner wall of channel 
122, the different velocities at which the acoustic wave 
generated by the outer piezoelectrk: element may travel 
through the different piezoelectric and electrode layers 
before reaching channel 120 may need to be taken into 
account when calculating the location of the focal re- 
gion. 

[0026] While the embodiments of Figs. 2-7 depict 
pumping elements 32 and 1 32 having one or two con- 
centric piezoelectric elements, respectively, a pumping 
element according to the present invention may have 
three, or even more, concentrk; piezoelectric elements 
if desired. Also, while the individual pumping elements 
are shown as being generally circular in shape, it will be 
appreciated that the pumping elements may have any 
other suitable shape, including but not limited to, rectan- 
gular or triangular. Furthenmore, while the piezoelectric 
elements of each of the depicted embodiments concen- 
trically surround the associated fluid-carrying channel, 
the piezoelectric elements may have any other suitable 
geometric relationship to the fluid-carrying channel and 
to each other. 

[0027] Fig. 8 shows, generally at 200, a block diagram 
of an exemplary control system suitable for use with a 
pumping system according to the present invention. 
While control system 200 Is described below in the con- 
text of pumping system 30, it will be appreciated that the 
discussion applies equally to pumping system 130. or 



any other suitable pumping system. Control system 200 
Is configured to create a focused acoustic pressure 
wave of a fixed profile within channel 22 by activating 
selected pumping elements 32, and also to move the 
s ' focused pressure wave along the length of channel 22 
to create a peristaltic pumping effect. 
[0028] Pumping system 200 includes various compo- 
nents that cooperate to create the focused pressure 
wave and peristaltic pumping effect. First, pumping sys- 
10 tem 200 includes a programmable rate oscillator. Indi- 
cated generally at 202. Programmable rate oscillator 
202 outputs a pulse train 203 at a selected rate, as de- 
scribed in more detail below, to set a pumping rate. The 
rate may be user-selected, or specified by system pro- 
15 gramming. Second, pumping system 200 includes a 
pattern holding register 204 for holding data represent- 
ing a selected profile for the focused pressure wave, and 
for shifting the selected profile along the length of chan- 
nel 22 at the rate determined by programmable rate os- 
20 cillator 202 to create the peristaltic pumping effect. 
[0029] Programmable rate oscillator 202 includes a 
master oscillator 206 for creating a master clock pulse, 
and a programmable divider 208 for reducing the fre- 
quency of the clock pulse to a selected frequency. Pro- 
25 grammable rate oscillator also may include a rate hold- 
ing register 21 0 that holds data representing the select- 
ed output frequency. Rate holding register 210 may be 
configured to accept Input of a selected pumping rate 
from a user via pumping rate input device 212, or may 
30 contain data representing a fixed pumping rate. 

[0030] Likewise, pattern holding register 204 may be 
connected to a pattem input 214 that allows a user to 
input a selected focal pattem or profile. The focal pattem 
contains data that sets the shape of the focal pattem to 
35 be formed in channel 22. The focal pattern may include 
any data suitable for forming a selected focal pattem. 
For example, the focal pattern may include data repre- 
senting which piezoelectric elements 38 of the plurality 
of piezoelectric elements are to be simultaneously acti- 
40 vated at any selected time. 

[0031] Furthermore, In some embodiments of the in- 
vention, the location of the focal region of each piezoe- 
lectric element 38 may be selectively variable. The focal 
region of a selected piezoelectric element 38 may be 
45 varied in any suitable manner. For example, the fre- 
quency of the signal contained within the voltage pulse 
that activates the piezoelectric element may be varied, 
or different pumping elements may be activated to 
cause constructive interference at different locations, 
50 radial or lengthwise, within the channel. Where the fre- 
quency of the signal is varied, the focal pattern held with- 
in pattern holding register 204 may Include data that in- 
dicates the frequency of the activation pulse to be sent 
to each piezoelectric element. 
55 [0032] Pattern holding register 204 may also include 
a plurality of outputs 216 for providing signals to a set 
of piezoelectric drivers 218, indicating which piezoelec- 
tric elements are to be activated. Each output 216 is in 
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electrical communication witli a corresponding piezoe- 
lectric driver 21 8, and each piezoeiectric driver is in elec- 
trical communication with a corresponding piezoelectric 
element 38. Each piezoelectric driver 21 8 Is also in elec- 
trical communication with a periodic signal source, such 
as an RF source 220, that outputs a periodic signal 221 
of a selected frequency or frequencies. Activation of a 
selected piezoelectric driver 21 8 by pattern holding reg- 
ister 204 causes the piezoelectric driver to send a con- 
ditioned RF pulse 222 from RF source 220 to the corre- 
sponding piezoelectric element 38. This causes the cor- 
responding piezoelectric element 38 to produce an 
acoustic pressure wave within channel 22. The pulse, 
width of the pulses in pulse train 203 from programma- 
ble rate oscillator 202 typically sets the width of RF pulse 
222 sent to the piezoelectric elements. Alternatively, pi- 
ezoelectric drivers 218 may be configured to regulate 
this pulse width. While the frequency of pulse 222 Is de- 
scribed herein as being in the radiofrequency spectrum, 
pulse 222 may have any other suitable frequency for 
forming an acoustic wave in a selected channel, de- 
pending upon the dimensions of the selected channel. 
[0033] Pattern holding register 204 may also be con- 
figured to move the focal pattern along the length of 
channel 22. In this manner, the pressure wave formed 
by each pumping element 32 is moved along the interior 
of channel 22 to push a fluid through channel 22. Pattern 
holding register 204 may be configured to shift the focal 
pattern along the length of channel 22 in any suitable 
manner. For example, pattern holding register 204 may 
act as a shift register and move the signal at each output 
216 of the pattern holding register to the next adjacent 
output with each pulse from programmable rate oscilla- 
tor 202. Alternatively, pattern holding register 204 may 
be configured to shift the signal at each output 216 by 
more than/one position with each pulse from program- 
mable rate oscillator 202 If desired. 
[0034] Furthermore, If a continuous pumping action is 
desired, control system 200 may be configured to shift 
the selected focal pattern repeatedly along the length of 
channel 22, The repeated shifting of the selected focal 
pattern along the length of channel 22 may be accom- 
plished in any suitable manner. In the depicted embod- 
iment, the signal at the last output 21 6' of pattern holding 
register 204 may be fed bacic into the pattern holding 
register, as indicated at 224, to be applied to a more- 
upstream output 216. In this configuration, as each out- 
put signal of the focal pattern Is shifted to the most- 
downstream output, the output signal is automatically 
fed back to an eariier output to begin a new movement 
along channel 22. In this manner, the focal pattem may 
be continuously recirculated to an upstream point of 
channel 22, and thus repeatedly shifted along the length 
of the channel to create a continuous pumping effect. It 
will be appreciated that the pumping direction of pump- 
ing system 32 may be reversed simply by reversing the 
direction pattem holding register 204 moves the focal 
pattem moves along channel 22. 



[0035] Although the present disclosure includes spe- 
cific embodiments, specific embodiments are not to be 
considered in a limiting sense, because numerous var- 
iations are possible. The subject matter of the present 

s disclosure includes all novel and nonobvious combina- 
tions and subcombinations of the various elements, fea- 
tures, functions, and/or properties disclosed herein. The 
following claims partlculariy point out certain combina- 
tions and subcombinations regarded as novel and non- 

10 obvious. These claims may refer to "an" element or "a 
first" element or the equivalent thereof. Such claims 
should be understood to include incorporation of one or 
more such elements, neither requiring nor excluding two 
or more such elements. Other combinations and sub- 

15 combinations of features, functions, elements, and/or 
properties may be claimed through amendment of the 
present claims or through presentation of new claims in 
this or a related application. Such claims, whether 
broader, narrower, equal, or different In scope to the 

20 original claims, also are regarded as included within the 
subject matter of the present disclosure. 



Claims 

25 

1. An integrated microfluidic device (10) having a flu- 
idic pumping system (30) for transporting a fluid 
through the device, the f luidic pumping system (30) 
comprising: a fluid-carrying channel (22) formed in 

30 the device (10); a plurality of acoustic pumping el- 
ements (32) disposed along the fluid-carrying chan- 
nel (22), wherein the acoustic pumping elements 
(32) are configured to form an acoustic pressure 
wave focused within the channel (22); and a con- 
35 trolier (200) in electrical communication with the 
plurality of acoustic pumping elements (32). the 
controller (200) being configured to activate the 
acoustic pumping elements (32) in such a manner 
as to cause the acoustic wave (22) to move along 
40 the channel (22) to move the fluid through the chan- 
nel (22). 

2. The microfluidic device (1 0) of claim 1 , wherein the 
controller (200) is configured to activate the acous- 

45 tic pumping elements (32) by supplying pulses of 
RF power to the acoustic pumping elements (32). 

3. The microfluidic device (10) of claim 1, wherein 
each acoustic pumping element (32) of the plurality 

50 of acoustic pumping elements (32) includes a pie- 
zoelectric element (32) having a layer of piezoelec- 
tric material (38) disposed between a pair of elec- 
trodes (34), (36). 

55 4. The microfluidic device (10) of claim 3. wherein 
each piezoelectric element (32) concentrically sur- 
rounds the channel (22). 
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5. The microfluidic device (10) of claim 3, wherein 
each piezoelectric element (132) includes a plural- 
ity of layers of piezoelectric material (138), (142), 
each layer of piezoelectric material (1 38), (1 42) be- 
ing disposed between a complementary pair of 
electrodes (134), (136). (140). 

6. The microfluidic device (1 0) of claim 3, the channel 
(22) having a radial Inner dimension, wherein se- 
lected piezoelectric elements (32) may be activated 
to form the focused acoustic wave at a focal region 
at a location within the channel (22), wherein the 
location of the focal region is configured to be posi- 
tionally variable across the radial inner dimension 
of the channel (22), wherein a plurality of piezoe- 
lectric elements (32) are simultaneously activated 
to create a plurality of corresponding acoustic 
waves that constructiveV interfere at the focal re- 
gion, and wherein the location of the focal region Is 
varied by varying which of the plurality of piezoelec- 
tric elements (32) are simultaneously activated. 

7. The microfluidic device (1 0) of claim 1 , wherein the 
controller (200) includes a pattem holding register 
(204) in electrical communication with the plurality 
of acoustic elements (32), the pattern holding reg- 
ister (204) being configured to store data represent- 
ing a preselected focal pattern that indicates the pi- 
ezoelectric elements to be activated at a selected 
time, and wherein the pattern holding register (204) 
is configured to selectively shift the focal pattern 
along the plurality of acoustic pumping elements 
(32) in a progressive manner to create a peristaltic 
pumping effect. 

8. A microfluidic device (10) including a pumping sys- 
tem (30) for moving a fluid through the device, the 
pumping system (30) cornprising: a channel (22) 
formed in the device (10), wherein the channel (22) 
is configured to accommodate passage of the fluid; 
and a pumping element (32) associated with the 
channel (22), wherein the pumping element (32) in- 
cludes a plurality of concentric piezoelectric ele- 
ments (32) configured to produce a focused acous- 
tic wave within the channel (22) to move the fluid 
through the channel (22). 

9. A microfluidic device (1 0) for the analysis of a sam- 
ple in a fluid, the microfluidic device (10) including: 
a microfluidic network (1 4) for transporting the fluid 
through the device (10). the mlcroflujdic network 
(14) including a channel (22) configured to accom- 
modate passage of the fluid; and means (32) for 
pumping the fluid through the channel (22). 

1 0. A method of transporting a fluid in a device (10), the 
device (10) including a channel (22) configured to 
accommodate passage of the fluid and a plurality 



of acoustic pumping elements (32) disposed along 
the channel, each acoustic pumping element (32) 
having a focal region positioned within the channel 
(32), the method comprising: applying a focal pat- 

5 ' tern to the plurality of acoustic pumping elements 
(32), the focal pattern defining a selected subset of 
the plurality of acoustic pumping elements (32) to 
be activated simultaneously to create a pressure 
wave within the channel (22); and shifting the focal 

10 pattern by at least one acoustic pumping element 
(32) to move the pressure wave along the channel 
(22). 
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(54) BLOOD CELL SEPARATION SYSTEM 



(57) A blood celt separating system Is offered for 
precisely separating and concentrating rare fetal nucle- 
ated cells intemnixed in the blood of a pregnant woman, 
to conveniently obtain test preparations capable of be- 
ing xjsed for prenatal chromosomal/genetic diagnosis. 
A brood cell separating system Is characterized by com- 
prising (1) a primary separating device for removing 
mainly non-nucleated erythrocytes, leukocytes and 
platelets from blood samples taken from a pregnant 



woman to obtain a primary separated sample, (2) a sec- 
ondary separating device for using a carbohydrate-lec- 
tin method to remove residual non-nucleated erythro- 
cytes and leukocytes from the primary separated sam- 
ple obtained by the primary separating device to obtain 
a secondary separated sample with concentrated fetal 
nucleated cells, and (3) preparing device for preparing 
the secondary separated sample obtained by the sec- 
ondary separating device. 
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Description 
Technicai Field 

5 [0001 ] The present invention rielates to a system for the separation of blood celts using lectins, particularly to a system 
for efficiently removing non-nucleated erythrocytes and mature leukocytes, to separate and concentrate fetal nucleated 
erythroblasts, from samples containing nucleated erythrobiasts which are fetal nucleated cells found in the maternal 
peripheral blood or umbilical blood of pregnant women, and further, a system for testing the chromosomes and genes 
thereof. 

10 

Background Art 

[0002] In the field of genetic diagnosis, the development of methods for prenatal diagnosis which do not endanger 
the embryo, i.e. the fetus, has been long anticipated. The genetic diagnosis methods which are practiced clinically at 
15 present are invasive procedures such as amniocentesis, villus sampling and fetal blood collection, of which sampling 
of fetal cells by amniocentesis in particular allows for a positive diagnosis, but also carries a high risk of miscarriage 
at about 1/300. 

[0003] Additionally, while methods for predicting fetal abnormalities from changes in matemal serum biochemical 
markers present in the maternal peripheral blood such as AFP (a-fetoprotein), hCG (chorionic gonadotropin), uE3 (uric 

20 Estriol 3, a type of estrogen secreted from the fetal adrenal glands during pregnancy and used in tests of fetal-placental 
function) and inhibin A (a type of gonadotropin) are desirable for being non-invasive, they are only methods for screening 
for the need to perform amniocentesis and cannot be relied upon to make any positive diagnoses. 
[0004] On the other hand, clinical studies on the incompatibility of blood types between mother and child have made 
it dear that fetal cells can find their way into the maternal circulatory system. Thus, if intermixed fetal cells can be 

25 isolated from the maternal blood, and if they are nucleated cells, their DNA and chromosomes can be used to safety 
make positive fetal diagnoses. In 1969, Walknowska etal. reported that they had cultured matemal peripheral lym- 
phocytes and discovered a 46XY karyotype in 21 of 30 women pregnant with male children. However, the work of 
extracting lymphocytes having a Y chromosome from an entire group of similar lymphocytes is extremely difficult, and 
attempts to separate and concentrate them by means of a nylon wool column or density centrifugation did not succeed 

30 in yielding a practical solution. Additionally, the presence of fetal cells remaining from past pregnancies was also con- 
sidered to be a problem, and the development of a safe method of positive fetal diagnosis allowing for testing of a 
desired neonatal fetus did not progress any further. 

[0005] In recent years, nucleated erythroblasts which are cells that have a short lifespan and are normally almost 
non-existent in the mother have garnered some attention as fetal nucleated cells present in the maternal blood, and 

35 research into the possibility of their use as cells to be used for diagnosis has become very active. However, the pro- 
portion of their presence in the matemal blood is extremely low at 1 /1 0^ to 1/1 0^ of all nucleated cells, and just as with 
fetal cell diagnosis by lymphocytes, there are technical obstacles to achieving a process of separating and detecting 
a sufficient number of fetal nucleated erythroblasts from maternal nucleated cells such as leukocytes. 
[0006] White attempts have been made to separate the erythroblasts by means of flow cytometry using transferin 

40 receptor antibodies or magnetic beads, the problem of specificity of antibodies has precluded the efficient detection of 
erythroblasts having Y chromosomes. 

[0007] On the other hand, there are collection methods in which, instead of performing cell separation, the erythrob- 
lasts are identified morphologically and picked out one at a time by micromanipulation, but the process of discriminating 
erythroblasts from among masses of maternal nucleated cells requires considerable technical expertise and Is ex- 

45 tremely time-consuming. Thus, this method requires special equipment, and for example, "can take several days to 
process a single specimen. At present, perhaps a single erythroblast will be detected from 1 cc of matemal peripheral 
blood. However, at least 30 fetal cells are considered to be necessary In order to establish a general and practteal fetal 
testing method for testing genes and chromosomes in a statistically conclusive manner, which makes this sampling 
method unrealistic when bearing in mind that the quantity of blood which may be safely collected from a pregnant 

50 woman is at most 10 cc, so that even to this day, there is a strong demand for a method for quickly and conveniently 
separating and concentrating erythroblasts at a high yield. 

[0008] The present Inventors have been perfomning research with a focus on the specific interactions of carbohydrate 
chains, and have obtained a patent (Japanese Patent No. 3139957) on a cell culture matrix having a matrix surface 
of a dish or the like coated with glycoconjugate polymers having various carbohydrates as side chains, whereby lectins 
55 which have an affinity to these carbohydrate chains are selectively attached. Furthermore, they discovered that a 
separating method using lectins can be used to separate and concentrate not only erythroblasts, but also immature 
hematopoietic cells, thus making It possible to detect 10-30 fetal nucleated cells (International Publteatlon 
WOOO/58443). 
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[0009] When separating and recovering blood cells such as erythroblasts, the peripheral blood is generally first pre- 
treated using density centrif ugatlpn, but the erythroblasts were found to have been damaged during this pretreatment 
stage by density centrif ugatlon. For example, the specific gravity of nucleated erythroblasts changes between about 
1 .077-1 .095. and when a high-density fluid (such as Ficoll or the like) with a certain specific gravity Is used, erythroblasts 

5 are sometimes detected from both the erythrocyte layer under the Ficoll layer and above the Ficoll layer, so that simple 
separation by density centrif ugation can cause some of the erythroblasts to be lost. This is thought to be due to the 
uncertainty in the specific gravity of fetal erythroblasts which contain fetal hemoglobin and are about to denucleate. 
[DDI 0] Furthermore, In order to know of chromosome abnormalities and the like in nucleated erythroblasts separated 
and purified in this way, they must be Inspected by the FISH (Fluorescence In Situ Hybridization) method or the tike. 

10 but this gives rise to practical problems which need to be overcome during the process of preparing specimens appro- 
priate for such testing, 

[001 1 ] Therefore, in order to completely resolve the above-described problems, the present invention has the object 
of providing a new blood cell separating system capable of being offered for clinical practice, based on precision sep- 
aration and recovery of nucleated erythrocytes (NRBC) using lectins. That is, the present invention offers a system 
15 which considerably prevents the loss of erythroblasts during the pretreatment step while using lectins to precisely 
separate the rare fetal nucleated cells from the maternal cells in a maternal blood sample of a limited quantity, thereby 
to separate, concentrate and recover the desired immature fetal celts or NRBC's selectively and at a high yield, and 
to offer a method of producing a test preparation containing fetal cells separated and recovered using such a system. 

20 Summary of the Invention 

[0012] The blood separating system of the present invention 

(1) comprises a primary (crude) separating device for removing mainly non-nucleated erythrocytes, leukocytes 
25 and platelets from a blood sample taken from a pregnant woman to obtain a primary (crude) separated sample, 

said primary separating device separating and removing mainly leukocytes which are nucleated cells, non-nucle- 
ated erythrocytes, platelets and the like under conditions which highly prevent loss of fetal nucleated cells among 
the various types of blood cells included in a maternal blood sample; 

(2) comprises a secondary (precision) separating device for removing residual non-nucleated erythrocytes and 
30 leukocytes from a primary separated sample obtained from said primary separating device, to obtain thereby a 

secondary (precision) separated sample with concentrated fetal nucleated ceils, the secondary separating device 
involving incubation of said primary separated sample, under conditions which inactivate the cells, along with a 
predetentiined concentration of lectins, on a substrate having glycoconjugate polymers affixed to the surface tiiere- 
of, thereby selectively binding fetal nucleated cells contained in said primary separated sample with said lectins 
35 to theReby concentrate and attach them to said substrate by means of a lectin-carbohydrate interaction to form a 

vsecondary separated sample; and 

(3) comprises a preparing device for preparing a secondary separated sample obtained from said secondary sep- 
arating device, the preparing device involving centrifugation, under predetermined conditions, of said substrate on 
which said fetal nucleated cells have been concentrated and attached, to thereby obtain a test preparation wherein 

^ fetal nucleated cells from maternal blood are present in a state advantageous to genetic/chromosomal testing by 

the FISH method or the like, at levels whteh allow for a positive diagnosis. 

[0013] The blood separating system of the present invention should preferably further comprise a testing device for 
using a test preparation obtained from the aforementioned preparing device to test the chromosomes and/or genes in 
45 fetal nucleated cells contained in the test preparation. 

[0014] Furthermore, the present invention also offers a method of producing a test preparation for a prenatal fetal 
diagnosis using the above-described blood cell separating system, as well as a test preparation produced by this 
production metiiod, wherein Immature fetal cells are present In a state advantageous to genetic/chromosomal testing 
by the FISH method or the like, at levels which allow for a positive diagnosis. 

50 

Brief Description of the Drawings 
[0015] 

55 Fig. 1 is a block diagram showing an example of a blood cell separating system of tiie present invention. 

Fig. 2 is a mtoroscopic (X200) photograph showing blood cells immobilized on a glycoconjugate-polymer-coated 
substrate from maternal blood using 300 ^g/ml of lectin (SBA). 

Fig. 3 Is a microscopic (X200) photograph showing blood cells immobilized on a glycoconjugate-polymer-coated 
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substrate from maternal blood using 8 ^g/ml of lectin (SBA). 

Fig. 4 is a microscopic (X1 000) photograph showing the immobilized cells shown in Fig. 3. 

Fig. 5 is a cross-section diagram showing an example of a substrate usable in blood cell separating system of the 

present invention. 

s ■ ' . . 

Descriptions of Preferred Embodiments 

[0016] Herebelow, the present invention shall be described In detail. 

[0017] First, a blood sample to be used in the system and method of the present invention Is taken from a pregnant 

10 woman. As blood collecting means, a blood collecting tool which is generally used, such as a syringe, vacuum blood 
collecting tube or a blood bag may be used. The blood to be taken may be any type of blood including venous blood, 
umbilical blood, intervillous blood from the placenta or myeloid fluid, but in order to limit the Intrusion into the maternal 
body as much as possible, peripheral venous blood is the most preferable. While there is no particular restrtetlon on 
the quantity of the blood sample, it should generally be about 1-10 ml in view of the problems posed by invasion of the 

IS maternal body. In order to prevent the taken blood sample from coagulating, EDTA, heparin, CPD/ACC or the like 
should preferably be added. In order to obtain meaningful results, it would be preferable to use a fresh blood sample 
taken from the pregnant woman within 24 hours, more preferably within 6 hours before use. 
[0018] The blood cell separating system of the present invention comprises a primary separating device for mainly 
removing a large portion of the non-nucleated erythrocytes and maternal leukocytes which are a cellular fraction to be 

20 removed from the above-referenced blood sample. Specifically, the primary separating device should preferably be a 
density centrifugation device using a liquid having a specific density or a filter separation device. 
[0019] The first embodiment of a primary separating device forming the blood cell separating system of the present 
invention Is a density centrifugation device, wherein a density gradient fluid set to a predetemiined density using an 
existing density adjusting agent such as sucrose and modified sucrose, glycerol or colloidal silica coated with polyvi- 

25 nylpyrrolidone is used. Examples include Ficoll-Paque, Ficoll-Hypaque and Percoll available from Pharmacia, or His- 
topaque available from Asuka-Sigma. The density gradient fluids generally used in the past for separation of blood 
components from the whole blood are set to a specific gravity of 1 .077 (such as Ficoll-Paque and Histopaque-1077). 
In this case, centrifugation causes granulocytes and erythrocytes with a high specific gravity to go undemeath the 
density gradient fluid, while monocytes and lymphocytes such as leukocytes rise above the density gradient fluid. 

30 However, the present Inventors discovered that when using the density gradient fluid with a specific gravity of 1 .077, 
a portion of the fetal nucleated cells such as NRBC can spread Into the density gradient fluid after centrifugation, so 
that much of the rare fetal nucleated cells are lost if only the layer containing the monocytes is taken, as is conventional. 
Thus, in the separating system of the present invention, a density gradient fluid having a specific gravity higher than 
1 .077 Is preferably used as the primary separating device, and this can be used to prevent loss of fetal nucleated cells. 

35 [0020] As shown by the below-described examples, increasing the specific gravity of the density gradient fluid will 
increase the recovery rate of fetal nucleated cells, but will simultaneously result in an increase in the intermixture of 
unwanted leukocytes. However, since the present invention can have a panning device as well as a secondary sepa- 
rating device which makes use of carbohydrate-lectin Interactions as shall be described below, the Intermixed leuko- 
cytes can be separated and removed to recover more fetal nucleated cells. Therefore, the density centrifugation device 

^ of the present invention comprises a centrifugal tube, a density gradient fluid with a specific gravity of 1 .077-1.105, 
preferably 1 .080-1 .095 and more preferably 1 .090-1 .095 g/cm^ which Is placed In the centrifugation tube, and a cen- 
trifuge separator. A blood sample taken from a pregnant woman is put Into a centrifugation tube In which the density 
gradient fluid has been placed, and this is placed In the centrifuge separator to undergo centrifugation for 20-40 minutes 
at 500-2000 rpm (50-800 G), whereby a primary separated sample is obtained as a fraction of a layer placed above 

45 the density gradient fluid which contains large amounts of fetal nucleated cells. 

[0021] In some cases, the primary separating device of the present Invention may also have a panning device for 
further removing the intermixed leukocytes and the like. This panning device comprises, for example, aplate or the like 
such as a polystyrene dish which has been surface-treated with fetal calf serum (FCS), for separating and removing 
leukocyte components such as monocytes and granulocytes by making use of non-specific adhesion with respect to 

50 the plate. 

[0022] The specific panning process may be such as has been conventionally used in this field. For example, the 
sample can be provided on the dish and incubated for a predetermined period, then the cells which have not adhered 
to the plate can be recovered as a suspension. 

[0023] The dish should preferably be of a disposal plastic type, of which any type Including commercially available 
55 plastic plate products such as the polystyrene dishes available from Nunc^ Falcon. Iwaki Selyaku or Sumitomo Bakellte 
may be used. FCS is added to these plates, then let stand, for example, for 2 hours at 4 ^C. to coat the surface with 
proteins in the FCS. As a result, the hydrophobic plastic surface becomes hydrophillc, but any conditions can be used 
as long as a temperature of more than 37 ''C at which the protein components in the "PCS begin to change, or a 
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temperature which Is below freezing Is not used. Aside therefrom, it Is also effective to use carbohydrates as the coating 
agents, of which PV-sugars (product of Netech, sold by Selkagaku Kogyo) which are easily coated onto plastic surfaces 
are suitable for use. The coating is obtained by dissolving PV-sugar powder Into distilled water to obtain a 10-1000 fig/ 
ml solution, of which those of 50-500 ^g/ml are preferably used. This PV-sugar solution is put Into the dish and left at 

5 room temperature for at least 30 minutes, whereupon the PV^sugar Is adsorbed and the dish surface is hydrophlllzed. 
Examples of carbohydrates which can form a PV-sugar Include, as glucose types, PV-G (glucose), PV-MA (maltose), 
PV-GA (gluconic acid), PV-CA (cellobiose) and PV-Lam (lamlnaribiose); as galactose types, PV-LA (lactose), PV-LA- 
COOH (carboxylated lactose) and PV-MeA (meliblose); as well as PV-Man (mannoblose) and PV-GlcNAc (N-acetyl- 
chltobiose), but they may be of any type including naturally occurring polysaccharides, as long as they are carbohy- 

10 drates which are capable of efficiently coating the dish surface. These are preferably used because they can easily 
coat polystyrene dishes, and do not lose or damage many fetal cells. In particular, those in which the carbohydrates 
forming the glycoconjugate polymer material are gluconic acid (PV-GA), meliblose (PV-MeA) or mannose (PV-Man) 
are particularly advantageous for their ability to achieve a high leukocyte adsorption and removal process in which the 
loss of fetal cells is held low. As coating agents, PV-sugars are preferable also for being synthetic polymers having a 

IS separating performance which is equivalent or superior to that of PCS. and being easier to obtain in stable lots and 
more easily stored than PCS. 

[0024] After centrif ugation, the primary separated sample is placed in the hydrophlllzed dish, and by letting stand for 
at least 5 minutes, the leukocyte components can be made to adhere at a higher rate to the dish surface, but they 
should preferably be left for 15 minutes to 2 hours in order to achieve an appropriate rate of leukocyte adherence and 
20 removal. During this period, any temperature at which the cells contained in the primary separated sample do not die 
may be used, but a temperature of 1 8-37 °C at which the leukocytes can be actively led to adhesion is preferably used. 
[0025] The panning process is not restricted to use of a plastic plate, and a glass plate or the tike can be used by 
coating with PCS or PV-sugars as described above. 

[0026] In general, contamination of a blood sample with many platelets, which can bind to lectins used in a secondary 
25 separation, after centrifugation may occur, which would adversely affect of the preciseness of erythroblast analysis. 
However, panning treatment can effectively remove by adhering the platelets contaminated during blood sample prep- 
aration. Therefore, panning is a process effective for pre-removing excess granulocytes, monocytes and platelets, and 
offers highly precise erythrocyte separation. 

[0027] Due to these panning treatments, even platelets, which have an extremely small specific gravity and grain 

30 size but an extremely high adhesion, are automatically removed from the primary separated sample obtained by the 
above-described centrifugation device so as to decrease to less than the detectable limit, thus making the sample rich 
in fetal nucleated cells with only a few non-nucleated erythrocytes and leukocytes such as lymphocytes remaining, 
and this can be made into the primary separated sample for the separating system of the present invention. 
[0028] A second embodiment of a primary separating device forming the blood cell separating system of the present 

35 invention is a filter separating device. This filter separating device has a porous filter having a predetermined pore 
diameter generally used for separation of blood components, such that by passing a blood sample through this filter, 
the non-nucleated erythrocyte components which are deformable are normally passed through and removed, whereas 
the components including leukocyte components and erythroblasts, which are fetal nucleated cells, remain inside or 
on top of the filter material. By recovering the components remaining in the filter by means of a detergent fluid or the 

40 like, a primary separated sample containing fetal nucleated cells and leukocytes can be obtained. 

[0029] The filter used herein is not especially restricted as long as it is capable of passing non-nucleated erythrocyte 
components (average size 7-8.5 |xm), but physically or chemically capturing to block passage of leukocytes (average 
size 7-30 ^m) and fetal nucleated cells (average grain size 8-19 ^m), such that anything can be used, for example, 
non-woven fabrics which serve to capture by the form of aggregation or size of the fibers forming the filter, porous films 

^5 with pore diameters controlled by elongating polymers, beads or spongy materials, as long as they have pore sizes 
within a range such as to capture orthochromatic erythroblasts having a minimum size of about 8 \m which are the 
most likely in the group of nucleated erythroblasts to be the object of recovery, yet allow non-nucleated erythrocytes 
to pass through by deformation. The material of the filter is not especially restricted, and may be of a synthetic or natural 
polymer such asfluoropolymers, polysulfones, polyesters, polyvinylacetals, polyvinylalcohols, polyamides, polyimldes, 

so polyurethanes, polyacrylics, polystyrenes, polyketones, silicones, polylactates, celluloses, chitosans, celluloses, silk 
or hemp, or inorganic materials Including hydroxyapatlte, glass, alumina, titania or metals such as stainless steel or 
titanium aluminum, which retain a certain level of adhesion with respect to leukocytes for maintaining the ability to 
collect leukocytes. Polyamides such as nylon, polyester, polyurethane, polyethylene, polypropylene, acrylic, polysty- 
rene, polycarbonate, cellulose and hydroxyapatlte are preferable in view of cost and production. The pore size of the 

55 filter should be 1 .0-40 ^m, preferably 2.0-20 \im and more preferably 3.0-1 0 jim, and if the filter is composed of fibers, 
the fiber diameter should be 1 .0-30 ^m, preferably 1 .0-20 ^m, and more preferably 1 .5-10 ^m. 
[0030] Additionally, the above-mentioned materials forming the filter can be modified on the surface, and a type which 
does not inhibit the passage of non-nucleated erythrocytes and improves the retention of leukocytes is preferably used. 
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The fetal nucleated cells and leukocytes retained in the filter can be recovered by cleansing the fitter, ^or example, 
since immature nucleated erythroblasts have a greater tendency to detach than do the leukocyte components, the 
targeted fetal nucleated cells can be selectively recovered by passing a detergent fluid through the filter In the direction 
opposite that used when filtering the blood sample. As the detergent fluid used here, any biological buffer solution or 
5 biological saline solution such ais a transfusion or a culture solution can be used as long as it Is capable of detach the 
fetal nucleated cells. 

[0031] Accordingly, the filter separating device in the separating system of the present invention may, in addition to 
the above-described filter and detergent fluid, comprise a fluid feeding device such as a syringe or pump for supplying 
a detergent fluid to the filter or a fluid resen/oir for collecting non-nucleated erythrocyte components flushed form the 
10 filter. The sample containing fetal non-nucleated cells obtained In this way is made into the primary separated sample 
according to the present invention. 

[0032] The primary separated sample which has been separated by filter can then be made to undergo the above- 
described panning process to further reduce the number of leukocytes, and this can also be used as the primary 
separated sample. 

15 [0033] In the blood cell separatinq system of the present invention, a secondary separating device is offered for 
removing residual non-nucleated erythrocytes and leukocytes from primary separated materials obtained in the manner 
described above to obtain a secondary separated sample with concentrated fetal nucleated cells. In this secondary 
separating device, the primaiy separated .. samples are Incubated on a substrate with glycoconjugate polymers affixed 
to the surface, together with a predetemiined concentration of lectins under conditions in which the cells are Inactivated. 

20 thereby performing a method for concentrating and attaching fetal nucleated cells contained in the primary separated 
samples onto the substrate by means of selective binding with the lectins due to lectin-carbohydrate interactions (here- 
after referred to as the "carbohydrate-lectin method"). 

[0034] The details of the carbohydrate-lectin method are described in WCX)0/58443. As the glycoconjugate polymers 
used here, those which incorporate a carbohydrate chain structure on a hydrophobic polymer main chain such as 
25 polystyrene is used. For example, PVLA, PVMA, PVMan, PVMeA, PVLACOOH. PVG, PVGIcNac and PVLam as de- 
scribed in WOOO/58443 are especially preferable. Of these, it is preferable to select those having a carbohydrate chain 
structure recognized by the lectins being used. 

[0035] On a substrate which Is surface-modified by these glycoconjugate polymers, the primary separated samples 
and lectins are incubated under conditions which inactivate the cells to form fetal nucleated cell-lectin complexes, 

30 which are concentrated and attached to the substrate by means of carbohydrate-lectin interaction. 

[0036] The lectins used are preferably those which recognize the carbohydrate chains expressed by the fetal nucle- 
ated cells, examples including galactose-recognlzing lectins such as SBA, PNA, ECL, AlloA and VAA. glucose-recog- 
nizing lectins such as Con A, LcH and PSA. and mannose-recognizing lectins such as LCA, GNA and CPA, but are 
not limited thereto. Here, by adjusting the amount of lectins added, the fetal nucleated cells can be made to attach at 

35 a higher rate, so as to allow selective precision separation in which intermixed leukocytes from the mother are not 
attached. Specifically, when using a plastic substrate, the amount of lectins added with respect to a primary separated 
sample containing about 2 x 10^ cells Is preferably 8-35 ^g. preferably 8-32 ^g and more preferably 10-30 fig. Addi- 
tionally, when using a glass substrate, the amount of lectins added with respect to a primary separated sample con- 
taining about 2 X 106 cells is preferably 10-200 ^ig, preferably 20-100 ^ig and more preferably 30-75 fig. Thus, while 

^ the optimum range of lectin concentrations used will change somewhat depending on the material of the substrate and 
type of lectin employed, the optimum concentration could be selected by one skilled In the art without undue experi- 
mentation. 

[0037] When immobilizing blood cells from a maternal blood sample onto a substrate coated with glycoconjugate 
polymer (PV-LA), in the case using 300 fig/ml of lectin; many leucocytes and the like (strongly stained cells) were 
45 contaminated as shown in the microscopic photograph of Figure 2. whilst in the case using 8 ^g/ml of lectin, few 
unnecessary cells such as leucocytes existed and the erythrocytes were selectively adhered as shown in mtoroscopic 
photographs of Figures 3 and 4. 

[0038] The incubation of the lectins and cells Is performed under conditions In which the cells are Inactivated, and 
such conditions enable the above-described selectivity to be. "Conditions in which the cells are inactivated" refer to 

50 conditions in which the fluidity and self>adhesiveness of the cell membranes are lowered, and typtoally are such that 
the temperature Is adjusted to at least 0 °C to 37 °C, preferably 0-36 'C, more preferably 4-30 '^'C and most preferably 
4-22 °C. However, these conditions are not limited to the above-mentioned low-temperature adjustments, and for 
example can be achieved by adding a reagent which suspends cell respiration, such as sodium azide at 37 ^C. 
[0039] Additionally, the incubation time is not particularly specified, so long as it is sufficient for the cells and lectins 

S5 to form cell-lectin complexes, but is typically 0-120 minutes, preferably 0-90 minutes, more preferably 0-60 minutes. 
Here, "0 minutes" Indicates that the subsequent step is begun immediately after mixing the primary separated sample 
and the lectins. 

[0040] In this secondary separation , the cells adhering to the substrate after incubatlon (fetal nucleated cells possibly 
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including some non-nucleated erythrocytes) are separated by disposing of the unattached cells (leukocytes and the 
like) in the form of a ceil suspension. 

[0041] Accordingly, the secondary separating device according to the present invention comprises a substrate sur- 
face-modified with glycoconjugate polymers, lectins, and tools for inactivating the cells such as a cooling device or a 

s reagent containing sodium azide, resulting In a secondary separated sample wherein fetal nucleated cells are attached 
to the substrate at a high density, and the unwanted components such as leukocytes are effectively removed. 
[0042] In the blood cell separating system according to the present invention, the secondary separated sample, after 
being prepared by a preparing device to be explained, is finally made ready for genetic/chromosomal testing using the 
FISH method or the like. Therefore, by using the substrate In the second separating device as the slide plate in the 

10 FISH method or the like, a single substrate can be used for all processes from secondary separation to testing, which 
is very practical. Thus, if the slide plate used here is to be retained for microscopic examination, a flask, dish, cuvette 
or film having sufficient transparency so as not to inhibit the view in the microscope may be used, but when considering 
the general compatibility with microscopes, it is particularly preferable to use a chamber slide, to which a cover shell 
is attached during the secondary separation by lectins, the cover shell being removed after the secondary separation, 

IS and the attached fetal nucleated cells being dried and affixed, which can then be readily used directly In a FISH method. 
[0043] The slide portion of the charnber slide may be made of any material which can be coated with the glycocon- 
jugate polymers used in the above-mentioned carbohydrate-lectin process and viewed through a microscope, including 
organic materials such as polystyrene, polycarbonate, polysulfones, polyurethane and vinyl copolymers and the like, 
as well as inorganic materials such as glasses including silica. Additionally, when used for a FISH method, an organic 

20 solvent process at a high temperature must be used to denude the nuclei of the cells attached to the slide, so that a 
glass material which is not susceptible to deformation is preferably used. 

[0044] Figure 5 indicates an example of substrate usable in the secondary separation and subsequent processes in 
the blood cell separating system of the present invention. The substrate described in Figure 5 contains a slide portion 
(1 ) constituting the bottom of the chamber and side walls (2) placed perpendicular to the slide portion (1 ). A layer (1 0) 
25 of glycoconjugate polymer is formed on the upper surface of the bottom of the chamber. The opening of the chamber 
can be sealed by a cap (3). 

[0045] The blood cell separating system of the present invention comprises a preparing devk^e for centrifugating the 
secondary separated sample under predetermined conditions to make a preparation. 

[0046] Generally, when preparing a cell preparation on a glass slide for chromosomal examination or the like, a cell 
30 suspension fluid is pipetted, dropped onto a slide and air-dried, or a sample containing cells is spread over the slide, 
which is then dried to form a smear sample (for example, see JP-A H7-27682). However, the present inventors dis- 
covered for the first time that in order to attach cells from the secondary separated sample to a slide in a form suitable 
for examination, special centrlfugation conditions must be employed. 

[0047] Thus, the preparing device of the present invention comprises a centrifuge apparatus for centrlfugation of the 
35 secondary separated sample, which can centrif ugate the secondary separated sample under predetermined conditions 
while still remaining on the substrate. The conditions differ according to the substrate (slide) which is used. 
[0048] If the substrate is a plastic chamber slide, the cover shell is removed after the ceil suspension is removed, 
but in order to prevent the slide surface from drying, it should preferably be centrif ugated after cleansing with a biological 
buffer solution or FCS containing albumin abundant in proteins at close to the biological concentration. Furthermore, 
^ FCS diluted with distilled water by preferably 1/2, more preferably 3/5 can be used to spread attached cells widely over 
the plate, thus enabling them to be readily viewed through a microscope, and are therefore particularly preferable for 
use. The range of dilution may be of any range as long as it is such as not to decompose the cells. 
[0049] As for the centrifugal force, 100-1500 G Is preferable for attaching cells to the plate, and 400-700 G Is more 
preferable for being effective in shortening the centrlfugation time. While the centrlfugation time will change according 
^5 to the centrifugal force, it should generally be about 1-15 minutes. If directly air-dried without centrlfugation, the cells 
can often atrophy so as to preclude the obtainment of a good cellular image. 

[0050] On the other hand. If a glass chamber slide is used, it is preferable in the above-described centrlfugation 
process to use a two-step procedure of running a first centrif ugation with a low centrifugal force, and a second centrlf- 
ugation at a higher centrifugal force. Additionally, it is preferable to replace the cell suspension containing the unat- 

50 tached cells with FCS of preferably 1/2, or more preferably 3/5 dilution and perform the first centrlfugation prior to 
removing the cover shell. This first centrifugation is preferably a light centrlfugation at 10-300 G, preferably 10-150 G, 
and more preferably 10-50 G, whereby it is possible to further prevent the attached cells from detaching or from de- 
forming when pressed. Next, the cover shell Is removed and the second centrlfugation is performed, thereby obtaining 
an affixed cellular image appropriate for testing. The second centrifugation should be at a centrifugal force of 25-300 

55 Q, preferably 30-200 G. and more preferably 35-1 30 G, whereby the reproducibility of an affixed cellular image without 
deformation is further Increased. 

[0051 ] As described above, by perf onfning a centrifugation process in accordance with specific conditions which differ 
according to the material of the slide substrate, it is possible to obtain a test preparation composed of a slide substrate 
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on which fetal nucleated cells are affixed in a favorable state. 

[0052] The blood cell separating system of the present invention further comprises an examination device for using 
test preparation in which fetal nucleated cells are concentrated and affixed to a substrate (slide) as described above 
for testing of the chromosomes and/or genes of the attached fetal nucleated cells. 

5 [0053] The examination device may, for example, be a device for directly fluorescent labeling the chromosomes in 
the nuclei by means of the FISH method and viewing through a microscope, which is capable of detecting chromosome 
abnormalities such as aneuploidy, Isochromosomes, translocation, deletion and reciprocal translocation according to 
the type of probe selected. Alternatively, the device may use the PGR method wherein the attached cells are recovered 
by peeling them by micromanipulation or laser dissection under a microscope, and amplifying the genes. The amplified 

10 genes can further be screened on a gene chip, and the system of the present invention can be adapted to various 
types of chromosomal/genetic diagnosis. 

[0054] As described above, by using the blood cell separating system of the present invention, rare fetal nucleated 
cells in the maternal blood, which are difficult to separate and concentrate using specific gravity or surface maricer 
identification by antibodies, are separated and concentrated at a high precision and high density by combining primary 

15 separation by density centrifugation or filter separation under specific conditions with secondary separation based on 
carbohydrate chain recognition by lectins under specific conditions. In particular, according to the present invention, 
these rare fetal nucleated cells are directly attached, separated and concentrated on a substrate which can then be 
used for testing of nucleic chromosomes and genes, with the cells attached to the substrate maintaining a good cell 
form adaptable to the genetic/chromosomal examination. Thus, the present invention offers a method of producing a 

20 test preparation of fetal nucleated cells capable of being directly used for testing in various chromosomal and/or genetic 
diagnoses by using the above-described system, as well as test preparations produced by the above-described method. 
[0055] The method utilizing the system of the present invention is characterized by comprising a primary separation 
step of removing large amounts of unwanted cell components from rare cells contained in a sample, and a secondary 
separation step of separating and concentrating the rare cells with the object of further removing unwanted cell com- 

25 ponents from the primary separated samples, and for example, even if the secondary separation by the above-men- 
tioned carbohydrate-lectin method is replaced by a separation method using antibodies specific to the rare cells, such 
a separation method and system would remain within the range of the present invention. Furthermore, aside from being 
fetal nucleated cells (fetal nucleated erythroblasts) intermixed in the matemal blood capable of diagnosing the state 
of and abnormalities in chromosomes and genes by testing after separation and concentration, the rare cells which 

30 are targeted may be leukemia cells remaining after remission, or immature cells in the umbilical blood, and may be 
any type of cell capable of being concentrated on the slide substrate by selection by lectins or antibodies as used in 
the crude cell separation system or precision separation system offered by the present invention. The term 'fetal nu- 
cleated cell" as used In the present invention shall be interpreted to encompass all rare cells which are targeted In this 
way. 



[0056] Herebelow, the blood cell separation system of the present Invention shall be described In detail with a focus 
on the setting of conditions for primary separation, secondary separation using the carit)ohydrate-lectin method, and 
40 preparing to maintain a good cell form. 

Example 1 : Primary Separation by Density Centrifugation 

[0057] Histopaque (Sigma) was obtained to use as a density centrifugation reagent, to which sodium diatrizoate was 
^ added and 6 types of density gradient fluid with specific gravities adjusted to 1 .077-1 .1 05 were prepared. 7 cc of venous 
blood were taken from women who were 10-20 weeks pregnant, then centrifugated for 30 minutes in each density 
gradient fluid (20 ^C, 1 500 rpm). The ceils collected around the boundary between the density gradient fluid and plasma 
component (upper layer) were recovered, then centrlfugally rinsed with a biological buffer solution to obtain a crude 
separated sample with most of the non-nucleated erythrocytes and platelets removed. 
50 [0058] The samples primarily purified under the various density conditions were secondarily separated by the car- 
bohydrate-lectin method. As the substrate, a plastic chamber slide (2 wells, product of Nalgenunc) was used. The 
glycoconjugate polymer coated onto the substrate was PVMeA, with 12 ^g of lectins (SBA) added for about 2x10^ 
cells, then incubated for 30 minutes at 18 "^C. The unattached cells were discarded in the form of a suspension, while 
the cells attached to the chamber slide were dried and stained with a Pappenheim stain. The stained cells were observed 
55 through a microscope, and the orthochromatic erythroblasts (fetal nucleated cells) which had been separated and 
attached to the slide were counted. The results are shown in Table 1 . 
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Table 1 



5 




Number of erythroblasts detected after secondary separation using carbohydrate-lectin method 
on sample primarily separated by centrifugation with various fluids (average of 10 samples) 






Density of Density Gradient Fluid 






1.077 


1.080 


1.090 


1.095 


1.100 


1.105 


10 


Number of 
orthochromatic 
erythroblasts 
detected on 

slide 


10.7 


13.1 


14.3 


15.7 


16.0 


22.9 


15 


Erythroblast 
detection ratio 
as compared 
with value for 
specific gravity 
1.077 


1.0 


1.2 


1.3 


1.5 


1.5 


2.1 



20 



[0059] As Shown In Table 1 , Increasing the density of the density gradient fluid (Histopaque) clearly increased the 
number of erythroblasts detected after carisohydrate-lectin precision separation. This made it dear that the conventional 
separation of blood cells by density centrifugation using a density gradient fluid having a specific gravity of 1.077 lost 
the erythrocytes with a high specific gravity. On the other hand, while the number of orthochromatic erythroblasts 
increases when the specif ic gravity exceeds 1 .095, a considerable increase is also observed in the number of intermixed 
leukocytes, as a result of which there were cases In which the detection of erythroblasts by microscopy was inhibited 
by a reduction In the precision separation efficiency due to the carbohydrate-lectin method. 

Example 2: Additional Separation by Panning 

30 

[0060] A plastic chamber slide (4 wells, product of Nalgenunc) was treated with PCS or a 0.01 wt% aqueous solution 
of a glycoconjugate polymer (PV-Sugar) (product of Netech). As the glycoconjugate polymer, those having the struc- 
tures of glucose, maltose, gluconic acid, N-acetylglucosamtn, mannose, lactose or melibiose were used. 
[0061] Density gradient centrifugation was performed on umbilical blood recovered after birth according to a standard 
method using Histopaque (d, 1 .095), and the cells aggregating near the boundary between the Histopaque and plasma 
were collected. The samples were resuspended In RPMI1640 to which 10 wt% PCS was added, and Inoculated onto 
the above-described wells whose surfaces were coated with PCS or glycoconjugate polymers. After incubation for 30 
minutes at 37 ''C, the unattached cells were recovered in the form of a cell suspension fluid, and the cells attached to 
the wells were stained with a Pappenheim stain to identify their types. The results are shown in Table 2. Table 2 shows 
the ratio between the erythrocyte fraction (including erythroblasts) and leukocyte fraction attached to the well surfaces 
with the respective types of coating, as well as the rate of adhesion of all inoculated cells. 



Table 2 





Adhesion of Blood Cells to Respective Wells (average of 5 samples) (%) 


PCS 


Mannose 


Glucose 


Maltose 


Gluclonic Acid 


Glucosamin 


Lactose 


Melibiose 


Leukocyte / 
Erythrocyte 
Ratio 


99.2 


99.1 


98.9 


99.5 


99.1 


97.4 


98.9 


98.9 


Overall 

Adhesion 

Rate 


69.3 


71.0 


62.3 


64.6 


78.0 


72.6 


65.8 


78.1 



55 [0062] As Shown in Table 2, it is clear that when panning with wells having their plastic surfaces coated with blood 
serum proteins (PCS) or glycoconjugate polymers, the cells of almost all blood corpuscles which attach are leukocytes. 
The attachment of the erythrocyte fraction is inhibited in wells treated with maltose, gluconic acid, PCS and mannose, 
while gluconic acjd, glucosamin and mannose excel in the overall rate of adhesion which indicates the removability of 
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leukocytes. In this case, no erythroblasts were included in the attached erythrocyte fraction with the exception of a 
portion of he glucose type materials In which about 1 or 2 attached erythroblasts were observed. 
[0063] Next, PCS was selected as a treatment agent for removing a suitable amount of leukocytes without much 
loss of the erythrocyte fraction, and the treatment effects of matemal blood were studied. A primarily separated sample 
obtained by density centrlfugatlon using a density gradient fluid with a specific gravity of 1.095 was divided into two 
portions, one of which was panned under the above-described conditions and the other of which was not treated, then 
made to undergo a carbohydrate-lectin secondary separation under the same conditions as Example 1. 

Table 3 





Effects of panning on lectin secondary separation (average of 20 
samples) (ratio compared to case of no panning) 


Erythrocyte/Leukocyte Ratio per Field pf Slide 


2.6 times 


Number of Erythrocytes Detected on Slide 


2.6 times 



10 



15 



20 



25 



30 



[0064] The erythrocyte/leukocyte ratio per field of the slide in Table 3 indicates the rate of removal of leukocytes in 
secondary separation, and the number of erythrocytes detected on the slide indicates the erythroblast recovery effi- 
ciency. Specifically, the results of a count of attached cells under the microscope are shown as a comparative ratio 
(multiple) of the oases where there is no panning and the case where panning has been performed. From the results 
in Table 3, it is dear that panning improves the selective separation and concentration efficiency of erythroblasts in the 
carbohydrate-lectin method. This Is believed to be caused by a synergistic effect due to the fact that the panning has 
removed excess leukocytes, thus enabling the cells (erythroblasts) to be attached by the lectins to efficiently interact 
with the lectins so as to reduce adhesion misses, and that miscounting of erythroblasts has been reduced due to a 
decrease in the number of nucleated cells other than the erythroblasts during microscope observation. 
[0065] The results from Table 3 show that even when compared with the case of a specific gravity of 1 .095 In Table 
1 , the Intermixture of leukocytes which block microscope observation is Inhibited by panning, while making It possible 
to detect more erythroblasts than in the case of a specific gravity of 1.105 (no panning). Additionally, In the maternal 
blood, there was almost no loss of erythroblasts due to panning. 

Example 3: Primary Separation by Filter Separation 



35 



40 



45 



50 



55 



[0066] Instead of the density centrif ugation method of Example 1 , a primary separation was performed using a filter 
comprising an unwoven polyester fabric with an average pore size of 8 ^m. A sample of matemal blood was diluted 
with a biological buffer solution containing 1 wt% BSA, then passed through the filter by natural dripping. Next, the 
buffer solution alone was passed through a filter to rinse away the residual erythrocytes in the filter. Subsequently, the 
buffer solution was passed in the opposite direction with a syringe pump, and the unattached cells which did not pass 
through the filter were recovered. The cell fraction which did not pass through the filter but did not strongly adhere to 
the filter was taken as the primary separated sample, which was secondarily separated by the carbohydrate-lectin 
method. Table 4 shows the results with a primary separated sample obtained from the above-described filter, In the 
form of a comparative ratio (multiple) with respect to the results for the case vyhere the cell fraction recovered by FCS 
panning is secondarily separated by the carbohydrate-lectin method. 

Table 4 





Effects of filtering on lectin secondary separation (average of 20 
samples) (ratio compared to case of density centrlfugatlon -i- 
panning) 


Erythrocyte/Leukocyte Ratio per Field of Slide 


1 .5 times 


Number of Erythrocytes Detected on Slide 


2.4 times 



[0067] According to Table 4, both the erythrocyte/leukocyte ratio per field of the slide (leukocyte removal rate In 
secondary separation) and the number of erythroblasts detected on the slide (erythroblast recovery rate in secondary 
separation) are improved, thus deariy indicating that the selective separation and concentration effrciency of erythrob- 
lasts with the carbohydrate-lectin method can be improved by the filter process. The primary separation by the filter is 
believed to be due to non-nucleated erythrocytes which are capable of deforming being passed through the filter, and 
cells which are neither passed nor trapped by the filter being recovered by rinsing the filter. Thus, it was demonstrated 
that the loss of erythroblasts Is further suppressed by using a primary separating method rather than the density cen- 
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trifugation method as the filtering method. While the erythrocyte/ieukocyte selectivity was held to just a slight improve- 
ment, this is due to the fact that non-nucleated erythrocytes remaining In the filter were recovered by rinsing. 

Example 4: Centrif ugation in Preparing Step 

5 

[0068] A glass chamber slide (product of Nalgenunc) which is suitable for the FISH method was used to perform a 
secondary separation with the carbohydrate-lectin method. As for the primary separating conditions, the following were 
employed (same as Example 2). 
Density Centrlfugatlon: d. 1 .095 
10 FCS Panning 

[0069] Comparisons were made between cases in which secondary separation by the carbohydrate-lectin method 
was followed by cases in which the cell suspension containing unattached cells was discarded, the chamber replaced 
with FCS, the cover shell removed, and the slide centrlfugated (Experimental Conditions 1 and 2), and cases In which 
the cell suspension containing unattached cells was discarded, the chamber replaced with FCS, a first centrlfugation 
15 Immediately performed, and a second centrlfugation performed on the slide after removing the cover shell (Experimental 
Conditions 3-11). 

[0070] As the FCS, the raw liquid (1/1) was diluted by 1/2 with distilled water before use, and after the second 
centrlfugation, the slides were alr-drled at standard temperature. The cells on the slide were stained with a Pappenhelm 
stain, and their respective stain appearances were compared. The results are shown In Table 5. 

20 



Table 5 





SHde 


Centrlfugation Conditions 




Stain Appearance 


Conditions 


First Cent 


Time 


Replaced 


Second 


Time 




(G) 


(min) 


Fluid 


Cent(G) 


(min) 




1 






V2FCS 


1500 


3 


F 


2 






1/2 FCS 


200 


10 


F 


3 


200 


5 


1/2 FCS 


200 


10 


D 


4 


45 


5 


1/2 FCS 


200 


10 


D 


5 


25 


5 


1/2 FCS 


200 


10 


C 


6 


25 


5 


1/2 FCS 


130 


10 


B 


7 


25 


5 


1/2 FCS 


130 


10 


C 


8 


25 


5 


1/2 FCS 


70 


10 


A 


9 


25 


5 


1/2 FCS 


70 


10 


C 



Evaluation 


Stain Appearance 


FonnofCell 


Cytoplasm, Nuclear Structure 


F 


shrunken to points 


Discernible * 


D 


shrunken 


Discernible 


C 


erythrocytes shrunken, leukocytes deformed 


limit of discemibility 


B 


slight deformation 


Qear 


A 


OTOd 


clear 



50 [0071] Unlike normal smear samples, the cells on a slide which have been secondarily separated by the carbohy- 
drate-lectin method need to have the cells attached by centrlfugation pressed, but when a glass slide Is used as the 
substrate, a first centrlfugation must be made In FCS solution at a low speed. Even In the second centrlfugation after 
removal of the cover shell, relatively low-speed conditions retained good stain appearances. Additionally, while FCS- 
or BSA-added buffer solutions with a high protein concentration are effective as replacement fluids, diluted FCS under 

55 biological conditions induced swelling of the attached cells, and retained better stain appearances: For example, cells 
Indicated suitable morphologies and dear structures of cytoplasm and nuclei under conditions 8,10 and 1 1 . In particular, 
under condition 11, in which 3/5 diluted FCS was used, almost no variation effects from samples such as storage 
periods or individuals were observed. When using plastic slides, an adequately good stain appearance was obtained 
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under the above-given Condition 1 . 
Effects of the Invention 

5 [0072] According to the blood separating system of the present invention, the nucleated erythrocytes which are fetal 
nucleated cells that are contained in the maternal blood in extremely small amounts are selectively separated, con- 
centrated and attached to a substrate. Additionally, by appropriately selecting the substrate used, the processing from 
the secondary separation step to the preparing step can be performed on a single substrate to obtain a test preparation 
which is suitable for chromosomal/genetic diagnosis, and this test preparation can be directly applied to testing means 

10 such as the FISH method. Accordingly, a fetal nucleated cell test sample with a high clinical value for prenatal diagnosis 
can be produced conveniently and at a low cost without invading the maternal body. 



Claims 

15 

1 . A blood cell separating system comprising: 

a primary separating device for removing mainly non-nucleated erythrocytes, leukocytes and platelets from a 
blood sample taken from a pregnant woman to obtain a primary separated sample; 

20 a secondary separating device for removing residual non-nucleated erythrocytes and leukocytes from the 

primary separated sample obtained from said primary separating device, to obtain thereby a secondary sep- 
arated sample with concentrated fetal nucleated cells, the secondary separating device involving incubation 
of said primary separated sample, under conditions which inactivate the cells, along with a predetemnined 
concentration of lectins, on a substrate having glycoconjugate polymers affixed to the surface thereof, thereby 

2S selectively binding fetal nucleated cells contained in said primary separated sample with said lectins to thereby 

concentrate and attach them to said substrate by means of a lectin-carbohydrate Interaction to form a sec- 
ondary separated sample; and 

preparing device for preparing the secondary separated sample obtained from said secondary separating 
device, the preparing device involving centrifugation, under predetermined conditions, of said substrate on 
30 which said fetal nucleated cells have been concentrated and attached, to thereby obtain a test preparation. 

2. A blood cell separating system in accordance with claim 1 , wherein said primary separating device is a density 
centrifugation device using a density gradient fluid having a density at least exceeding 1 .077 mg/cm^. 

35 3. A blood cell separating system in accordance with claim 2, further comprising panning device for removing leuko- 
Vcytes Ritermixed in the sample containing fetal nucleated cells obtained by said density centrifugation device. 

4. A blood cell separating system in accordance with claim 1 , wherein said primary separating device is a devk:e for 
separating non-nucleated erythrocytes as well as leukocytes using a filter. 

40 

5. A blood cell separating system in accordance with claim 1 , wherein the conditions which inactivate the cells in said 
secondary separating device are low-temperature conditions of at least 0 ""C and less than 37 ''C. or conditions 
whteh suspend cell respiration. 

45 6. A blood cell separating system in accordance with claim 1 . wherein the centrifugation conditions in said preparing 
device are centrifugation for 1-15 minutes at 100-1500 G when using a plastic substrate, and a first centrifugation 
of 1-10 minutes at 10-300 G-followed by a second centrifugation of 5-15 minutes at 25-300 G when using a glass 
substrate. 

50 7. A blood ceil separation system in accordance with claim 1 , wherein a substrate used in said preparing device Is 
obtained by substituting the suspension contained in the secondary separated sample with FCS diluted to 1/2, 
preferably 3/5. 

- 8. A blood cell separating system in accordance with claim 1 , further comprising an examination device for testing 
55 the chromosomes and/or genes in fetal nucleated cells contained In a test preparation obtained from said preparing 
device. 

9. A blood cell separating system in accordance with clailm 8, wherein said examination devk:e comprises a staining 
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tool for staining chromosomes in the nuclei of fetal nucleated ceils contained in the preparation. 

A blood cell separating system In accordance with claim 9, wherein the staining of the nuclei In said staining means 
Is due to the FISH method. 

A blood cell separating system in accordance with claim 8, wherein said examination device Includes a chromo- 
some testing device using an optical microscopy or a fluorescent microscopy. 

12. A blood cell separating system In accordance with claim 8, wherein said examination device comprises tools for 
10 amplifying genes extracted from the chromosomes of fetal nucleated cells contained in the preparation. 

13. A blood cell separating system in accordance with claim 12, wherein said amplifying tools involve materials for 
performing the PGR method. 

15 14. A blood cell separating system in accordance with claim 12, wherein said examination device contains a device 
for screening amplified genes. 



15. A method for producing a test preparation for prenatal fetal chromosomal and/or genetic diagnosis, comprising: 

^ a primary separating step of removing mainly non-nucleated erythrocytes, leukocytes and platelets from a 

blood sample taken from a pregnant woman to obtain a primary separated sample; 
a secondary separating step of incubating said crude separated sample, under conditions which inactivate 
the cells, along with a predetermined concentration of lectins, on a substrate having glycoconjugate polymers 
affixed to the surface thereof, thereby selectively binding fetal nucleated cells contained in said primary sep- 

25 arated sample with said lectins to thereby concentrate and attach them to said substrate by means of a lectin- 

carbohydrate interaction, so as to selectively remove residual leukocytes in said primary separated sample to 
obtain a secondary separated sample having the. desired fetal nucleated cells in concentrated fomn; and 
a preparing step of perfomnlng centrlfugatlon, under predetermined conditions, of the secondary separated 
sample in which said fetal nucleated cells have been concentrated and attached. 

30 

16. A method in accordance with claim 1 5, wherein said primary separating step is performed by density centrlfugatlon 
using a density gradient fluid having a density at least exceeding 1 .077 mg/cm^. 

17. A method in accordance with claim 1 6, further comprising a step of panning the sample containing fetal nucleated 
35 ^cells c^tained by said density centrlfugatlon means to remove intermixed leukocytes. 

18. A method in accordance with claim 15, wherein said primary separating step is performed by separating non- 
nucleated erythrocytes as well as leukocytes using a filter. 

40 1 9. A method in accordance with claim 1 5, wherein the conditions which inactivate the cells in said precision separating 
step are low-temperature conditions of at least 0 ""C and less than 37 ""C, or conditions which suspend cell respi- 
ration. ' 

20. A method in accordance with claim 15, wherein the centrlfugatlon conditions in said preparing step are centrifu- 
^5 gation for 1-15 minutes at 100-1500 G when using a plastic substrate, and a first centrlfugatlon of 1-10 minutes 
at 10-300 G followed by a second centrlfugatlon of 5-15 minutes at 25-300 G when using a glass substrate. 

A method In accordance with claim 15, wherein a substrate In which the suspension contained in the secondary 
separated sample in substituted with FCS diluted to 1/2, preferably 3/5 is provided to said preparing step. 

A test preparation for prenatal fetal chromosomal and/or genetic diagnosis produced by a method in accordance 
with any one of claims 1 5-21 . 

23. A substrate for a blood cell separating system in accordance with any one of claims 1-14, havjng glycoconjugate 
55 polymers affixed to the surface thereof. 

24. A blood cell separating method comprising a primary separating step of removing most of the unneeded cellular 
components included in a sample containing rare cells; and a secondary separating step of -separating and con- 
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centrating the targeted rare celts by further removing unneeded cell components from the primary separated sam- 
ple. 
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Maternal Blood Sample 




Fetal Nucleated Ceils (NRBC etc.), 
Non-nucleated Erythrocytes, Granulocytes, 
Leukocytes, Platelets, ... 
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Description 

[0001] The present invention relates a system for 
characterising a fluid, comprising a microftuidic device 
and a measurement device, to the microfluidic device, 
to the measurement device, to the method of character- 
ising or analysing a concentration of a component. 
[0002] Analytic detection of particles, molecules and 
especially biomolecules. e.g., proteins, nucleic acids, 
hormones and the like, is fundamental to diagnostics as 
well as to molecular biology. In many applications, it is 
desirable to detect the presence of at least one particu- 
lar molecule in a sample. Analytic detection is also used, 
e.g., in disease diagnosis and drug development, to de- 
termine the presence of a particular antibody or protein, 
e.g., in a blood sample or large chemical library. Detec- 
tion of particles, molecules and biomolecules is there- 
fore of fundamental value in. e.g., diagnostic medicine, 
archaeology, anthropology and criminal investigation. 
To meet these needs many techniques, e.g., DNA blot- 
ting, RNA blotting, protein blotting, and ELISA assays, 
have been developed to detect the presence of a par- 
ticular molecule or fragment in the midst of a complex 
sample containing similar molecules. 
[0003] More recently, new and faster microfluidic 
methods of performing biological assays in microfluidic 
systems have been developed, such as those described 
by the applications of Farce et al, "High Throughput 
Screening Assay Systems in Microscale Fluidic Devic- 
es" WO 98/00231 and in Knapp et al., "Closed Loop Bi- 
ochemical Analyzers" (WO 98/45481; PCT/ 
US98/06723). For example, high throughput methods 
for analyzing biological reagents, including proteins, are 
described in these applications. 
[0004] Improved methods as well as the availability of 
fast, simple reliable and cheap detection systems for af- 
finity assays are, accordingly, desirable, particularly 
those which take advantage of high-throughput, low 
cost microfluidic systems. 

[0005] US-A-6,444,461 discloses Integrated sys- 
tems, apparatus, software, and methods are provided 
for performing biochemical analyses, including DNA se- 
quencing, genomic screening, purification of nucleic ac- 
ids and other biological components and drug screen- 
ing. Microfluidic devices, systems and methods for us- 
ing these devices and systems for performing a wide 
variety of fluid operations are provided. The devices and 
systems are used In performing fluid operations that re- 
quire a large number of iterative, successive or parallel 
fluid manipulations, in a microscale, or sealed and read- 
ily automated format. 

US-A-6.235,175 discloses microfluidic devices that in- 
corporate improved recess and reservoir geometries, as 
well as methods of using these devices in the analysis, 
preparation, or other manipulation of fluid borne mate- 
rials, to achieve higher throughputs of such materials 
through these devices, with lower cost, material and/or 
space requirements. It is mainly aimed at improved re- 



cess and reservoir geometries. This is necessary as the 
dimensions are relatively small, that Is in the order of 
1-100)iim. 

US-A-6,479,299 discloses microfluidic devices having 
5 predisposed assay components for increased through- 
put and prolonged shelf life. The methods involve flow- 
ing a first component of a biochemical system in a first 
of the at least two Intersecting recesses. At least a first 
test compound is flowed from a second recess into the 
10 first recess whereby the test compound contacts the first 
component of the biochemical system. An effect of the 
test compound on the biochemical system is then de- 
tected. It uses electrokinetic flow. 
US-A-6,61 3,581 discloses methods of detecting a com- 
15 ponent of interest, such as a protein, in a microfluidic 
system. The methods include the use of a component- 
binding moiety specific to the component of interest, 
such as an antibody, to detect the component of Interest. 
Also included are microfluidic devices and integrated 
20 systems for performing such assays. Including devices 
utilizing flowable or fixed particle sets. 
US-A-6,644,944 discloses microfluidic fluid control de- 
vices. One microfluidic fluid control device can be used 
as a uni-directional valve within a microfluidic system. 
25 Said US- A-6,644,944 also teaches a microfluidic pump 
mechanism having two unidirectional valves separated 
by an expandable reservoir. Such devices may be 
formed in multiple layers and utilize flexible membranes. 
US-A-6,408,878 discloses a method of fabricating an 
30 elastomeric structure, comprising: forming a first elas- 
tomeric layer on top of a first micromachined mold, the 
first micromachined mold having a first raised protrusion 
which forms a first recess extending along a bottom sur- 
face of the first elastomeric layer; forming a second elas- 
35 tomeric layer on top of a second micromachined mold, 
the second micromachined mold having a second 
raised protrusion which forms a second recess extend- 
ing along a bottom surface of the second elastomeric 
layer; binding the bottom surface of the second elasto- 
40 meric layer onto a top surface of the first elastomeric 
layer such that a control recess forms in the second re- 
cess between the first and second elastomeric layers; 
and positioning the first elastomeric layer on top of a 
planar body such that a flow recess forms in the first 
45 recess between the first elastomeric layer and the pla- 
nar body. 

US-A-6, 086,740 discloses multiplexed microfluidic de- 
vices including a plurality of modular microfluidic ele- 
ments, all of which are attached to a common frame or 
50 body, which itself includes one or more common input 
elements that are connected to corresponding input el- 
ements within several or each of the microfluidic mod- 
ules for use In common control and/or common detec- 
tion operations for each of the modules. 
55 [0006] The state ofthe art is aimed at very small struc- 
tures (containing typically less than 10 ^il fluid). Disad- 
vantages of such small structures are that fluids tend to 
clog and/or that upon flow bubbles in the fluid may be 



20 



25 



30 



35 



40 



45 



50 



3 



EP 1 561 507 A1 



4 



formed. 

[0007] Furthermore the volumes of samples and /or 
the constituents therein are often too large to flow 
through the small (nanoscale) structures. Not only im- 
purities present in the sample but also components, 
such as red blood cells, tend to clog the structures and/ 
or hinder the flow severely. 

[0008] Furthermore, it is clear that the fabricating 
techniques for very small structures are quite complicat- 
ed. 

[0009] Another disadvantage is that the body used 
does not comprise recesses on several of its surfaces, 
e.g. on both sides of a card-like body. This makes it dif- 
ficult to separate or position functions, such as a pump- 
ing function from a chamber function. 
[001 0] A next disadvantage is that when electrokinetic 
flow is applied, it will typically function sub-optimally, that 
is the components do not flow according as intended. 
Amongst others electroosmotic flow Interferes with the 
electrokinetic flow. 

[0011] Another disadvantage is that the flow can not 
be controlled sufficiently, especially the amount of fluid 
to be flown as well as the velocity of the flow. 
[0012] A next disadvantage is that the microfluidic de- 
vices of the state of the art are so small that they are 
difficult to handle. 

[0013] A next disadvantage is that the characterisa- 
tion of the components present in the microfluidic devic- 
es are difficult to be determined, as it is difficult to get 
access to components present and/or the measuring 
device to be used is not optimised for microfluidic devic- 
es. 

[0014] Another disadvantage is that the microfluidic 
devices are relatively static systems. They allow for sim- 
ple operations, that is typically reacting one fluid with 
another and typically only once. 
[0015] Another disadvantage is that the microfluidic 
devices are in general not supplied with fluids, that may 
contain chemicals, and if so only a very limited set is 
present. 

[0016] An additional disadvantage is that the micro- 
fluidic devices mentioned above are not dedicated to 
specific uses. For instance they do not contain a moiety 
to which a label or component present can be bound. 

Detailed description of the invention 

[0017] The present invention relates a system for 
characterising a fluid, comprising a microfluidic device 
and a measurement device, to the microfluidic device, 
to the measurement device, to the method of character- 
ising or analysing a concentration of a component. 
[001 8] in a first embodiment the present invention re- 
lates to a system for characterising or analysing a fluid, 
which fluid is suspected to comprise at least one com- 
ponent to be characterised or analysed, comprising a 
microfluidic device, at least one pump for transporting 
the fluid and a measurement device which is arranged 



to characterise or analyse the fluid in use present in the 
microfluidic device, 

which microfluidic device comprises at least one body 
(1 1 ), wherein the body has at least one surface, wherein 
5 the at least one surface has at least a part of the recess 
for containing the fluid in the microfluidic device and/or 
transporting the fluid in the microfluidic device through 
at least a part of the microfluidic device, 
wherein the body has at least one provision for an inlet 
(15) and at least one provision for an outlet (18), 
wherein at least a part of said recess (16) is a reaction 
chamber, which reaction chamber comprises a moiety 
that binds to the at least one component that is suspect- 
ed to be present and that is to be characterised or ana- 
lysed, which reaction chamber is arranged for charac- 
terising or analysing the at least one component, 
wherein at least a part of said recess Is a fluid connection 
(14) between the at least one provision for an inlet (15) 
and the at least one provision for an outlet, 
wherein at least a part of said recess (17) is a pump 
chamber, 

wherein at least the reaction chamber, pump chamber 
and fluid connection are sealed from the environment 
by at least one cover layer (12, 13). 
[0019] A general layout of the microfluidic device is 
given in figure 1. It contains several recesses (14-17) 
on a body (11). The recesses are formed on both sides 
of the body. The fluid to be characterised or measured 
is brought into the provision for an inlet (15). Then, it 
flows to the reaction chamber (1 6). In the reaction cham- 
ber, a component that is suspected to be present can 
bind to a moiety, present in the reaction chamber (16). 
It further contains a pump chamber (17), which can be 
arranged to a pump (not visible). The pump forces the 
fluid to flow from the pump chamber to the reaction 
chamber or vice versa. The term "component" as used 
herein refers to a component that itself binds to a label 
or a moiety present in the microfluidic device, or to a 
chemical part of that component, of which at least one 
part binds to a label or a moiety present, or to a compo- 
nent which is labeled in the microfluidic device, which 
labeled component binds to the moiety present in the 
microfluidic device, or to a component that causes a de- 
tectable signal by itself, by a chemical reaction with an- 
other component, or by a component fomried here out, 
whereby the detectable signal may be chemilumines- 
cent flash or flow, colorimetric, fluorescent and time-re- 
solved fluorescent. 

[0020] The term "fluid" as used herein refers to liquid 
compositions that flow at operating pressure and tem- 
perature. 

[0021] The term "pump" as used herein refers to a 
combination of an actuator, a displacement volume and 
at least one means for transferring the variation in pres- 
sure of the actuator towards the displacement volume. 
The means for transferring the variation can be a mem- 
brane. The displacement volume is referred to as pump 
chamber. The pump further comprises means for con- 
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trolling the actuator. The pump chamber typically has a 
volume of 1 -1000 preferably of 10-100 
[0022] The term "inlet" as used herein refers to a pro- 
vision through which a fluid or a gas may pass. The di- 
rection of the fluid or gas Is intended to be from the en- 
vironment to a recess. It typically has a volume of 1 -1 000 

preferably of 1-10^1. 
[0023] The term "outlet" as used herein refers to a pro- 
vision through which a fluid or a gas may pass. The di- 
rection of the fluid or gas Is intended to be from a recess 
to the environment. It typically has a volume of 1-1000 

preferably from 1-10 fil. 
[0024] The term "fluid connection" as used herein is 
a recess sealed by a cover layer. It is to be Interpreted 
in a broad sense. Thus, It Is not Intended to be restricted 
to elongated configurations where the transverse or lon- 
gitudinal dimension greatly exceeds the diameter or 
cross-sectional dimension. Rather, recesses are meant 
to comprise cavities and/or tunnels of any desired shape 
or configuration through which fluids may be directed. 
A cavity may, for example, comprise a flow-through cell 
where fluid is to be continuously passed or, alternatively, 
a chamber for holding a specified, discrete amount of 
fluid for a specified amount of time. A "fluid connection" 
may be filled or may contain internal structures compris- 
ing fluid diodes, valves or equivalent components. Its 
volume is from 1 to 1000 preferably from 10-100 |il. 
[0025] The term "microfluidic" as used herein is to be 
understood, without any restriction thereto, to refer to 
structures or devices through which fluid(s) are capable 
of being passed or directed, wherein one or more of the 
dimensions is less than 500 microns. 
[0026] The term "recess" as used herein refers to a 
"fluid connection" type structure that is present on a sur- 
face of the body of the microfluidic device. The body 
substantially surrounds it. A recess in use is at least part- 
ly sealed by at least one cover layer, except for inlet and 
outlet provisions. It may also refer to part of a recess, 
especially in the case of chambers, meandering fluid 
path and fluid connection. 

[0027] The term "chamber" as used herein refers to 
partof a covered recess in the body, which has a volume 
of 1-1000 ^il, preferably of 10-100 fil. It is capable of for 
instance comprising a fluid, a binding-moiety etc. From 
the above it is clear that a chamber is also used as a 
fluid connection. 

[0028] The term "reaction chamber" as used herein 
refers to a chamber used for reacting components and/ 
or for binding at least one component to a moiety that is 
present in the reaction chamber. Furthermore, the reac- 
tion chamber can be arranged with the measurement 
device. It has a volume of 1-1000 |il, preferably of 
10-100 ^1, more preferably of 10-30 ^1. 
[0029] The tenm "meandering fluid path" as used 
herein refers to part of a fluid connection. It is a channel 
type part of a recess, which channel forms several 
bends. Hereby a relatively long channel occupies only 
a limited amount of surface on the microfluidic device. 



It has a volume of 1 -1000 ^1, preferably of 10-500 ^il, 
more preferably of 50-200 p.1. 

[0030] The term "body" as used herein refers to a solid 
material. The solid material has at least one surface and 
5 can be of any shape. A preferred shape has the dimen- 
sions of a "credit-card". At least one surface of the body 
comprises at least a part of a recess. In a prefen-ed em- 
bodiment of the present invention the top and bottom 
side of the body comprise at least one recess. The at 
least one recess of the topside is in fluid connection with 
the at least one recess of the bottom side. The solid ma- 
terial should allow for manufacturing techniques to form 
recesses on the surface of the body. Such manufactur- 
ing techniques are for instance moulding, injecting 
moulding, hot embossing and lithographic processes, 
optionally combined with etching techniques. Further, 
the material preferably is stable and chemically resistent 
to the fluids used in the microfluidic device. It further- 
more preferably has the desired physical properties, 
such as hydrophilicity and a smooth surface after man- 
ufacturing. The material used as body is typically a pol- 
ymer or silicon or glass. A suitable polymer is selected 
from the group consisting of latex, rubber, polyesters, 
polycarbonates, potyal)<anes. poiyalkenes, poly- 
tetrafluoroethylenes, polypropylenes, polyimides, 
polymethylmethacrylates, silicones, polymethylmeth- 
acrylate (PMMA), PEEK, polystyrene, PDMS, and pol- 
yesters. A preferred material is polymethylmethacrylate 
(PMMA). 

[0031] The term "cover layer" as used herein refers to 
a material that is used to seal recesses from the envi- 
ronment. The material used as cover layer is typically a 
polymer or silicon or glass. A suitable polymer is select- 
ed from the group consisting of latex, rubber, polyesters, 
polycarbonates, polyalkanes, poiyalkenes, poly- 
tetrafluoroethylenes, polypropylenes, polyimides. 
polymethylmethacrylates, silicones, polymethylmeth- 
acrylate (PMMA), PEEK, polystyrene, PDMS. and pol- 
yesters. A preferred material is polymethylmethacrylate 
(PMMA). 

[0032] Typically the moiety that binds a component is 
attached to the cover layer, covering the reaction cham- 
ber. This has the advantage that the moiety can be de- 
posited on the cover layer, prior to covering the reaction 
chamber recess with this cover. In figure 2 this configu- 
ration is shown. The cover layer (12) has an adhesive 
(22) to which the moiety (23) is attached. The reaction 
chamber itself (16) is a recess in the body (11). Further, 
a second cover layer (13) is visible. In another embod- 
iment the moiety can be present In the form of magnetic 
and/or non-magnetic antibody coated particles. The 
moiety that binds is chosen from the group consisting of 
a nuclear receptor, an intracellular receptor, a solubi- 
lized receptor, an antibody, an antigen, an enzyme, avi- 
din, a polynucleotide and a polysaccharide. 
[0033] In many of the above described embodiments 
it has been a goal to miminise the dimensions. The in- 
ventors of the present invention have found however 
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that such a minimization encompasses all sorts of prob- 
lems, such as clogging, bubble-formation, manufactur- 
ing problems and so on. 

[0034] The present invention has a first advantage 
that it can optimally use the surface of the body, e.g. 
both sides of a credit-card shaped body, to form recess- 
es. This makes it possible to separate various functions 
of the system, such as the pump function and the re- 
ceiving function. In a preferred embodiment of the In- 
vention the energy transfer (pump function) is located 
at one side of the body and the provision for an inlet and 
the reaction chamber are located on the other side. The 
pump function generally requires a relative large 
amount of space, even with the micro-sized pumps that 
now become available. 

[0035] The present invention is not particularly aimed 
at reducing the size; it rather provides a microfluidic de- 
vice that is easy to operate. For instance in a preferred 
embodiment of the invention the microfluidic device has 
size of that is similar to that of a credit card, e.g. 85 by 
60 by 1 mm3. 

[0036] The present invention further has the advan- 
tage that it provides a combination of a microfluidic de- 
vice with a compatible measurement device. For in- 
stance the microfluidic device is filled with a fluid to be 
characterised or analysed. After the pump forces the flu- 
Id to flow from the pump chamber to the reaction cham- 
ber, the fluid can be characterised by the measuring de- 
vice by arranging the microfluidic device with the meas- 
uring device. 

[0037] In a preferred embodiment the system of the 
invention comprises a measurement device for charac- 
terising the fluid, wherein the measurement device is ar- 
ranged to obtain information based on an optical tech- 
nique selected from the group consisting of fluores- 
cence, chemiluminescence, time resolved fluores- 
cence, time resolved chemiluminescence, colorimetry 
or a combination thereof, or from the group consisting 
of magnetic measurements, resistivity measurements, 
capacity measurements, surface plasma resonance 
(SPR) measurements, or a combination thereof. This 
embodiment has the advantage that the measurement 
device can easily be arranged to the microfluidic device. 
A preferred embodiment radiates the reaction chamber 
and detects emitted radiation. An optical measurement 
device is arranged to obtain information based on a 
technique selected from the group consisting of fluores- 
cence, chemiluminescence, time resolved fluores- 
cence, or a combination thereof. A preferred embodi- 
ment uses a fluorescence technique. 
[0038] In another embodiment the system of the in- 
vention characterises the concentration of at least one 
component present in the fluid. Preferably it is used to 
characterise one component, which has the advantage 
that the system can be fully optimised to characterise 
this one component. For instance the moiety present in 
the reaction chamber, the wash fluid, the detection are 
optimised. It provides microfluidic devices comprising all 
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necessary material in the device. 
[0039] In a preferred embodiment the system of the 
invention comprises at least one pump. This pump can 
be present on the microfluidic device or in the measure- 
5 ment device. Preferably this pump is a piezo-pump. The 
present invention makes use of a piezo pump in a struc- 
ture, which has as further advantage that it enables the 
fluid to be directed from a part of the recess to another 
recess. The present invention further uses the piezo 
pump in order to perform all kinds of pumping functions, 
for instances to move fluids in controlled amounts form 
a part of the recess tot the other, to perform pumping 
cycles, to optimise piezo frequencies with respect to the 
dimensions of the recesses, to permit time intervals in 
between pumping etc. The at least one piezo-pump 
preferably operates at a frequency up to 40 kHz. The 
frequency may also be used to reverse the preferred 
flow direction of the fluid, diode. The man skilled in the 
art will appreciate the possibilities of such a pump and 
will apply the pump in such a way to fulfil the require- 
ments of the specific application. 
[0040] In another embodiment the system is dispos- 
able all together. In extreme situations, such as emer- 
gency or war, there may be a need to identify the status 
of a patient on short notice, whereas the desire to main- 
tain the measurement device is not an issue. Such a 
disposable system has in such a situation the advantage 
of providing a dedicated and quick answer to the status 
of a patient. 

[0041 ] In a next embodiment of the invention a micro- 
fluidic device arranged for use in the system of the in- 
vention is used, which microfluidic device comprises at 
least one body (11 ), wherein the body has at least one 
surface, wherein the at least one surface has at least a 
part of the recess for containing the fluid in the microflu- 
idic device and/or transporting the fluid in the microflu- 
idic device through at least a part of the microfluidic de- 
vice, 

wherein the body has at least one provision for an inlet 
(15) and at least one provision for an outlet (18), 
wherein at least a part of said recess (1 6) is a reaction 
chamber, which reaction chamber comprises a moiety 
that binds to the at least one component that is suspect- 
ed to be present and that is to be characterised or ana- 
lysed, which reaction chamber is arranged for charac- 
terising or analysing the at least one component, 
wherein at least a part of said recess is a fluid connection 
(14) between the at least one provision for an inlet (15) 
and the at least one provision for an outlet, 
wherein at least a part of said recess (17) is a pump 
chamber, 

wherein at least the reaction chamber, pump chamber 
and fluid connection are sealed from the environment 
by at least one cover layer (1 2, 1 3). 
[0042] In a preferred embodiment of the microfluidic 
device two cover layers form one part, which make it 
easier to seal the microfluidic device. This is an advan- 
tage in the manufacture of the microfluidic device. 
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[0043] In a next embodiment of the microfiuidic device 
it further comprises a filter In at least one provision for 
an inlet. The filter is used to hold particles and/or com- 
ponents that adversely interfere in the characterisation 
or analyses of the fluid in the measurement device. The 
filter Is for instance a particle filter, such as a Millipore™ 
filter with an intended hole-size, or a chemical com- 
pound that reacts or binds to undesired components, 
thereby immobilising these components. 
[0044] In a next embodiment of the microfiuidic device 
it further comprises at least a part of the recess for a 
vi/ashing fluid and at least a part of the recess for col- 
lecting waste fluid. This has the advantage that after 
moving the fluid from the provision for an inlet to the re- 
action chamber and after reaction in the reaction cham- 
ber, the reaction chamber is washed with a washing flu- 
id. Hereby is the reaction chamber cleaned, which has 
the advantage that the subsequent measurement is not 
or less adversely effected by other components present 
in the fluid to be characterised. 
[0045] In a next embodiment of the microfiuidic device 
it further comprises at least a part of the recess which 
comprises at least one label fluid, which label binds to 
the moiety in the reaction chamber and/or to the at least 
one component to be characterised or analysed. In fig- 
ure 3 such a layout is given. It shows a top view of the 
microfiuidic device. It should be noted that the bottom 
side of the microfiuidic device comprises also a number 
of recesses. The bottom side is brought into an arrange- 
ment with the pump-actuator. A first glance at the figure 
immediately indicates the intense use of the surface of 
the body. Not only do reaction chamber(s) occupy 
space, but also the meandering fluid path type recesses 
do. These meandering fluid path type structures have 
the advantage that they contain a relative large volume 
on the side, which is combined with the possibility to flow 
very well controlled amounts of fluid on the other side. 
In a preferred embodiment a meandering fluid path type 
structure contains from 1-1000 \i\ of fluid. A further ad- 
vantage with respect to a chamber is that the meander- 
ing fluid path can be emptied almost completely, where- 
as a chamber always has some residual liquid. Further, 
the meandering fluid path has less leakage as com- 
pared to a chamber. The fluid to be characterised is 
transferred to the provision for an inlet (15). This provi- 
sion for an inlet is In fluid connection with the central 
reaction chamber (16). It is optional to have other reac- 
tion chambers present (16), which serve similar func- 
tions as the first chamber. Not visible in the layout of 
figure 3 are various measures taken to improve the flow 
of the fluid to be characterised and analysed and the 
other fluids used. These measures are amongst others 
a special design of the provision for an inlet and of the 
fluid connection between the provision for an inlet and 
the reaction chamber, as well as measures taken to im- 
prove the fluid flow in reaction chamber. This has the 
advantage that the fluids in the reaction chamber mix 
better, thereby improving the reaction-rate and minimis- 
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ing the required amount of fluid to the obtained an in- 
tended result. The recesses that contain wash fluid, la- 
bel fluid, sample fluid (fluid to be characterised or ana- 
lysed) and waste fluid are associated with a pump, such 
5 as a piezo-pump. The fluid flows through one of the fluid 
connections. The provision for an inlet (15) is used to 
insert the fluid to be characterised or analysed. Fluid 
connections (33-35) are used to transfer the label fluid. 
Fluid connections (36-38) are used to transfer the wash 
10 fluid. Fluid connection (39) is used to collect the waste 
fluid. This embodiment has the advantage that it com- 
prises all necessary fluids in one single body. Further- 
more the fluid connections and the arrangement of the 
pump enable complicated reaction sequences, involv- 
ing one or more label steps and one or more washing 
steps. 

[0046] In figure 4 another layout is given. The dimen- 
sion of this layout is 60 mm by 49 mm. The recess on 
the bottom surface as well as the contact area of the 
pump actuator is projected onto the front side. Figure 4 
shows a provision for an inlet (15), wherein the fluid to 
be characterised or analysed is injected. The fluid is 
moved from the inlet (15) towards the reaction chamber 
(16) by means of a pump (17), located on the bottom 
side, In fluid connection with the front side. The fluid di- 
odes (40) provide for the desired flow direction of the 
fluids used. Further visible are meandering fluid path 
type stnjctures (14) containing other fluids, such as 
washing fluid and label fluid. These fluids are directed 
towards the pump chamber by means of the pump. 
Thereto the at least one provision for the outlet (18) is 
opened, in order to compensate for the volume of fluid 
moved. The design of the provision for the inlet and the 
fluid connection towards the reaction chamber limit the 
back flow. The design of the reaction chamber is such 
that it provides for optimal flow profiles, with minimised 
dead volume and optimised contact with the moiety 
present. Furthermore a large meandering fluid path is 
present for collecting the waste fluid from the reaction 
chamber. Also visible are fluid connections (19) be- 
tween the bottom side and the top side of the microfluidic 
device. 

[0047] The term "label" as used herein refers to a 
compound that can be detected directly or indirectly by 
the measuring the device. So it can also be a particle 
containing a label, such as a 3-dimensional structure 
with a label inside. Or it may be an enzyme that first may 
react with another component present. It also can form 
a bond with the moiety and/or at least one of the com- 
ponents present in the fluid. Preferred one or more of 
the following typically characterizes labels: high sensi- 
fivity, high stability, causing a low background signal up- 
on detection, low environmental sensitivity and high 
specificity in labelling. 

[0048] A preferred embodiment of the microfluidic de- 
vice further comprises at least one provision for an inlet 
(15) which is arranged to receive the fluid, said inlet be- 
ing sealed by a seal from the environment, which seal 
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is to be removed upon use, thereby opening at least one 
entrance to the at least one provision for an inlet and/or 
which comprises at least one provision for an outlet (18) 
that Is prior to use sealed from the environment by a 
seal, which seal is to be removed upon use. This has 
the advantage that the microfluidic device has a pro- 
longed shelf life. Typically the at least one provision for 
an outlet and the least one provision for an inlet will also 
be opened prior to use, the first to enable a fluid to flow, 
the latter to enable a sample to be inserted into the mi- 
crofluidic device. This has the advantage that the micro- 
fluidic device has a prolonged shelf life. Furthermore It 
is ready to use. And it can be used once and then dis- 
posed of. As it comprises a minimal amount of fluids the 
environmental Impact is small. A preferred embodiment 
of the microfluidic device further comprises at least one 
soft seal that closes at least a part of the recess. 
[0049] The term "soft seal" as used herein refers to a 
seal that closes a part of the recess, thereby preventing 
liquid and/or gas to flow from this apart to another part. 
The soft seal is broken upon applying a limited amount 
of force, such as the pressure or energy transferred by 
a pump. Typically the soft seal is selected from the group 
of fluids with relatively high viscosity. Soft seal material 
can e.g. be selected from the group of silicones and sil- 
icone oils. The advantage of such a seal is clearly that 
is prevents leakage, not only in normal circumstances, 
but also for instance during transport of the device. 
[0050] A preferred embodiment of the microfluidic de- 
vice characterized in that at least one of the fluid con- 
nectton(s) is equipped with fluid diodes for resisting a 
flow of the fluid through the fluid connections In one di- 
rection. This fluid diodes (40) are also shown If figure 3. 
A clear advantage of the use of such diodes it that it 
directs the flow of fluids in a desired direction, whereas 
it reduces the flow in the other direction significantly. 
This has the further advantage that it enables the per- 
formance of more complicated reaction programs. Fur- 
thermore in these reaction programs or reaction 
schemes various fluids can be used, whereas without 
the diodes this would be much more complicated or 
even impossible. A further advantage is that it allows for 
much more complex structures on (both sides) of the 
body, whereby many more fluid connections are made, 
without the fluids being undesirably mixed or flowed. A 
further advantage is that recesses and/or chambers that 
comprise different fluids can be separated if required in 
one flow direction. 

[0051] The term "fluid diode" as used herein refers to 
a structure within a recess, which is characterized in that 
the resistance to a fluid flow is significantly larger in one 
direction compared to the other and which has no mov- 
ing parts. In other words, the resistance towards a fluid 
flow changes significantly with change in the direction 
of the flow. It further has the advantage that applying a 
different frequency from the actuator of the pump may 
reverse the preferred flow direction. In a preferred em- 
bodiment the fluid diodes have a brush-like or valve-like 



structure. The proper orientation of the brush structures 
is not intuitively obvious even to one skilled in the art. It 
rather must be determined with mathematical modelling 
of the fluid flow and by experimentation. Figure 5 shows 
5 top view of a preferred embodiment of a fluid diode in a 
body (11). The recess (1 4) contains bmsh like structures 
(51), which act as a resistance to the flow in one direc- 
tion. The arrow (53) indicates the flow direction that is 
not hindered. In that case, the fluid enters the fluid diode 
indicated with (52). The fluid diode has a width of 1 mm. 
The brushes are 0,5 mm long and 70 |im wide. 
[0052] In a next embodiment of the microfluidic device 
it further comprises further elements for directing the flu- 
id. Such elements are for instance valves. This has the 
advantage that even more complex pumping operations 
and reaction sequences can be performed. 
[0053] In yet another embodiment the microfluidic de- 
vice further comprises a readable information carrier. In 
a preferred embodiment the readable infomnation earn- 
er is an optically or electrically readable information car- 
rier, most preferably it is an electrically readable infor- 
mation carrier. The information carrier may be detacha- 
ble from the microfluidic device. As for example in emer- 
gency situations a measurement would be performed, 
thereby using a microfluidic device according to tiie in- 
vention. The result of the measurement may need to be 
logged into a central computer; therefore the results 
need to be transferred from the microfluidic device to 
the computer. The device itself may be contaminated 
and therefore needs to be disposed. A detachable infor- 
mation carrier thus allows for the desired transfer. The 
readable information carrier contains data that is for in- 
stance relating to the microfluidic device and/or relating 
to a method of operating the microfluidic device and/or 
the system for characterising a fluid. It further provides 
operating instructions, such as pump frequencies. 
These instructions optimise the use of materials con- 
tained in the device, the time necessary to label the com- 
ponents of interest, the accuracy of the result obtained. 
It also provides measurement instructions, such as a 
pump times, intervals etc. It also contains data relevant 
to the device, such as intended use, and it contains data 
relevant to the measurement, such as type of device and 
calibration curve respectively. In another embodiment 
the infomiation carrier just provides the measurement 
system with the intended use. This reference allows the 
measurement system then to retrieve and/or calculate 
the above-mentioned data and use it accordingly. This 
information present in the information carrier has the ad- 
vantage that the use of the microfluidic device, in com- 
bination with the measurement device is very easy and 
can be performed by persons with limited skills and 
knowledge. 

[0054] In a further embodiment the microfluidic device 
further comprises labels. In a preferred embodiment 
these labels are selected from fluorescent labels, 
chemiluminescent labels and colorimetric labels. 
[0055] In a first embodiment the measurement device 



15 



20 



25 



30 



35 



40 



45 



50 



13 

suitable for use in a system characterises a fluid in the 
microfluidic device of the present invention, which fluid 
is suspected to comprise at least one component to be 
characterised or analysed, which measurement device 
is associated to the microfluidic device Figure 6 repre- 
sents a schematic layout of the actual detection in the 
measurement device. A light source (41) is used to ra- 
diate (42) a component present in the reaction chamber 
(16). In the figure the light source is a laser. In order to 
optimise the radiation a lens (43) may be used. If a com- 
ponent is present in the reaction chamber (16) that emits 
radiation (45), this radiation can optionally be passed 
through a filter (46). In the figure it is assumed that the 
component is or comprises a fluorescent label. If light is 
emitted it Is detected by a detection unit (47). 
[0056] In a second embodiment the measurement de- 
vice further comprises, at least one communication port 
for transferring data, at least one read-out unit for read- 
ing in characteristics of the microfluidic device, at least 
one light source illuminating the reaction chamber in the 
microfluidic device, at least one detection element for 
detecting the radiation emitted from the reaction cham- 
ber, an information unit displaying characteristics of the 
fluid. This measurement has the advantage that it is sim- 
ple in use in combination with the microfluidic device of 
the invention and can be performed by persons with lim- 
ited skills and knowledge. Furthermore the measure- 
ment device itself is simple and can be constructed eas- 
ily. It further contains no expensive elements, which al- 
lows for the measurement to be very economical. It fur- 
ther makes use of readily available elements, which 
makes the manufacture of it easy, economical and reli- 
able. It also has the advantage that the result of a meas- 
urement is available within a limited amount of time. Typ- 
ically a measurement from start to finish takes 1-15 min- 
utes. The results can be transferred to a data-collecting 
system, such as a computer, using the communication 
port. The read-out unit allows for the information relating 
to the microfluidic device and the type of measurement 
to be transferred to the measuring device and subse- 
quently to the data-collecting device, without any bur- 
den. The information safeguards the correct use of the 
measurement device and therefore also of the results 
obtained. The unit that is associated with the microfluidic 
device furthermore provides for a simple to perform 
measurement. 

[0057] The information unit provides for the opportu- 
nity to directly obtain a visual result that can be used in 
a subsequent action, such as treatment. 
[0058] The measurement device will typically be used 
to characterise or analyse a component that is selected 
from the group consisting an antibody, a cell receptor, 
an antigen, a receptor ligand, an enzyme, a body, an 
immunochemical, an immunoglobulin, a virus, a virus 
binding component, a protein, a cellular factor, hor- 
mones, allergenics, a growth factor, an cell-inhibitor, 
DNA, RNA, antigen to be bound to an antibody or re- 
ceptor or a combination thereof 
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[0059] In a further embodiment the measurement de- 
vice further comprises a communication port of an USB- 
type. This is a standard interface for electronic devices, 
which allows for easy installation and easy data transfer. 
5 And it Is economical. 

[0060] In another embodiment the measurement de- 
vice further comprises a chip-reader as the read-out 
unit. This is a standard Interface for reading information 
on chips, which allows for easy installation and easy da- 
ta transfer. Typically the read-out unit can also be used 
to write data on the chip. This data comprises the result 
or results of the characterisation or analysis. This has 
the advantage that the information can later on be 
logged, for instance to a central computer facility. It can 
further comprise sample information and patient infor- 
mation. And it is economical. 

[0061] In a further embodiment the measurement de- 
vice further comprises a laser as the light source. A laser 
has the advantage of emitting nearly monochromatic 
light, though an option may be to use polychromatic (la- 
ser) light and use filters. The latter is preferably used in 
the case that the measurement device has a multipur- 
pose use and/or is used to detect various wavelengths 
of emitted light at the same time. Also a laser can be 
easily replaced if necessary. It also is a reliable light 
source that consumes a low amount of energy. 
[0062] In a further embodiment the measurement de- 
vice comprises a photodiode, a CCD, a photo multiplier 
tube (PMT) or a series of photodiodes as the detection 
element. The detection element is capable of detecting 
the light that is emitted by the at least one component 
to be characterised or analysed. The advantage of pho- 
todiodes or CCD is that they are quite specific with re- 
spect to the wavelength chosen. 
[0063] In a further embodiment the measurement de- 
vice further comprises software. The software is used 
for at least directing the at least one pump to transfer an 
external pressure to at least one of the chambers of the 
microfluidic device of the invention. The software further 
provides for the infomiation on the microfluidic device 
to be transferred to the measurement device and sub- 
sequently to perform the reaction sequence. It provides 
for the determination of the concentration of the at least 
one component suspected to be present in the fluid. It 
therefore provides for a simple operation procedure and 
minimises the risk for mistakes. 
[0064] Also the measurement device may comprise a 
local memory and/or computing chip, in order to store 
and retrieve data as well as to perform calculations and 
to control the other components present 
[0065] For the man skilled in the art it is a routine job 
to construct such a measurement device out of widely 
available parts. 

[0066] Further the invention describes a method for 
characterising or analysing characterising or analysing 
at least one component that is suspected to be present 
in a fluid comprising. 
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a. introducing a fluid to be characterised or ana- 
lysed in a microfiuidic device according to the in- 
vention, 

b. moving the fluid to a reaction chamber, 

c. reacting the fluid with the moiety that binds, 

d. moving a washing fluid to the reaction chamber 
and washing the reaction chamber, 

e. illuminating the reaction chamber to a light source 
emitting radiation, 

f. detecting the radiation emitted. 

[0067] Typically, the method comprises separating a 
mixture of components, which mixture of components 
may contain the components of interest. To detect the 
component of interest, the mixture of components or the 
separated components are contacted to a component- 
binding moiety specific to the component of interest. The 
component-binding moiety binds to the component of 
interest and is detected, thereby detecting the compo- 
nent of interest, either by measuring the component- 
bonding moiety directly or by measuring the result of 
competition with other components, that have been re- 
placed by the component of interest. The embodiment 
of the present invention has the further advantage that 
the complete procedure can be performed on one mi- 
crofiuidic device and the measurement result can be ob- 
tained directly from the measurement device associated 
with it. 

[0068] In a second embodiment for a method for char- 
acterising or analysing characterising or analysing at 
least one component that is suspected to be present in 
a fluid comprising, 

a. introducing a fluid to be characterised or ana- 
lysed in a microfiuidic device according to the in- 
vention, 

b. moving the fluid to a reaction chamber, 

c. reacting the fluid with the moiety that binds, 

d. moving a label fluid to the reaction chamber and 
reacting the label with the moiety that binds and/or 
with the component to be characterised or ana- 
lysed, 

e. washing the reaction chamber with a washing flu- 
id, 

f. illuminating the reaction chamber to a light source 
emitting radiation, 

g. detecting the radiation emitted. 

[0069] In this embodiment, a component of interest is 
labelled with a detectable label, subsequently bound to 
the binding moiety and then detected. The detection sig- 
nal is then calculated to a concentration, using a cali- 
bration curve of the label. 

[0070] In a preferred embodiment the microfiuidic de- 
vice is in an-angement with a piezo-pump. The piezo- 
pump is instructed to perform complicated pumping cy- 
cles, involving pumping a fluid, leaving the fluid to react 
and repeating such steps. In a further embodiment com- 
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plex pumping cycles of one fluid are alternated with 
complex pumping cycles of another fluid. For instance, 
first a label fluid is moved to the reaction chamber with 
such a pumping cycle and subsequently a wash fluid. 
5 which steps are repeated if required. This clearly has 
the advantage that the reaction in the chamber can be 
optimised by controlling the amount of fluid moved to 
the reaction chamber. This is important as the reaction 
is mainly determined by fluid dynamics. By supplying an 
amount of fluid each time the fluid dynamics cause ex- 
haustion, the reaction rate is significantly enhanced. 
Therefore the reaction rate is to a large extend deter- 
mined by the kinetics of the pumping, rather than by the 
movement of components in the fluid due to concentra- 
tion gradients. This improves the reaction time as well 
as the sensitivity. A further advantage is that the amount 
of fluid used are minimised with such a procedure. This 
has the further advantage that even more complicated 
pumping operations and reaction sequences can be 
perfonmed. 

[0071] In another embodiment the moiety can be 
present in the form of (magnetic and/or non-magnetic 
antibody) coated particles. The particles are optionally 
stacked in a detection region. The component-binding 
moiety thereby binds to the component of Interest, thus 
providing detection of the component of interest. 
[0072] In a further aspect, the method comprises pro- 
viding a body structure having a plurality of recesses dis- 
posed therein, the plurality comprising a microfiuidic 
separation recess and at least one side recess intersect- 
ing the separation recess, wherein the separation re- 
cess and the side recess are fluidly coupled. A mixture 
of components is flowed through the separation recess, 
resulting in separated components. A labelled compo- 
nent-binding moiety is subsequently flown through a 
side recess and into the separation recess, wherein it 
binds to the component of interest. The component- 
binding moiety is then detected, thereby detecting the 
component of interest. 

[0073] In a further embodiment the steps d and e are 

repeated a number of times. 

[0074] This has the advantage that more label (step 
d) is bound to the moiety and thereby the emitted radi- 
ation in the detection steps is increased. Furthermore it 
allows to optimise the use of label fluid. 
[0075] In a further embodiment the method for char- 
acterising or analysing at least one component that is 
suspected to be present in a fluid comprises, 

a. introducing a fluid to be characterised or ana- 
lysed in a microfiuidic device according to the In- 
vention, 

b. moving the fluid towards a reaction chamber, 

c. combining the fluid with at least one label fluid 
forming a combined fluid before the reaction cham- 
ber, 

d. reacting the label with the component to be char- 
acterised or analysed, 
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e. moving the combined fluid to the reaction cham- 
ber and reacting the label with the moiety that binds, 

f. washing the reaction chamber with a washing flu- 
id. 

g. Illuminating the reaction chamber to a light source 
emitting radiation, detecting the radiation emitted. 
This embodiment has the advantage that the label 
and component to be characterised or analysed mix 
and react in the fluid flow towards the reaction 
chamber an further inside the reaction chamber. 
Thereby the amount of label and/or component re- 
acted is increased, due to improved kinetics In the 
flow. Further the incubation time is reduced, result- 
ing in a shorter overall measurement time. 

[0076] In a next embodiment the characterising or an- 
alysing method further comprises the use of a fluores- 
cent of chemiluminescent label. 
[0077] The separated components are typically la- 
belled components that are optionally detected simulta- 
neously with the component-binding moiety. This em- 
bodiment optionally Includes deconvoluting the detec- 
tion signal to identify the separated components and the 
component of interest. This embodiment includes two 
detectably different label moieties having detectably dif- 
ferent spectral characteristics, such as different excita- 
tion or emission maximum. The different labels include, 
but are not limited to fluorescent labels, chemilumines- 
cent labels and colorimetric labels. For example, the 
separated components are optionally labelled with a flrst 
fluorescent dye and the component-binding moiety is la- 
belled with a second fluorescent dye. These two dyes 
are typically detectably different. In another embodi- 
ment, the component of interest and the component- 
binding moiety are optionally labelled with detectably 
different colorimetric labels. In another embodiment, the 
component of Interest is labelled with one type of label, 
e.g., chemiluminescent, and the component-binding 
moiety is labelled with a second type of label, e.g., flu- 
orescent. 

[0078] In a further embodiment the characterising or 
analysing method the component to be characterised or 
analysed Is selected from the group consisting an anti- 
body, a cell receptor, an antigen, a receptor ligand, an 
enzyme, a body, an immunochemical, an immunoglob- 
ulin, a virus, a virus binding component, a protein, a cel- 
lular factor, hormones, allergenics, a growth factor, an 
cell-inhibitor, DNA, RNA, antigen to be bound to an an- 
tibody or receptor or a combination thereof. The fluid is 
preferably a body fluid, such as a blood, serum, urine, 
saliva, or extracts, such as plant-extracts. 
[0079] In a next embodiment the characterising or an- 
alysing method further comprises the use of a laser as 
the light-source. 

[0080] The following examples are merely meant to 
illustrate the invention and are not intended to limit the 
scope of invention in any way. 



Example 1 . 

[0081] This example describes the measurement of 
myoglobin concentration in a blood sample. 
5 [0082] A polymethylmethacrylate (PMMA)-microfluid- 
ic device containing Piezo-pumps is cleaned with etha- 
nol (70%) followed by demineralised water. The micro- 
fluidic device Is completely dried by applying com- 
pressed air. A piece of transparent foil with the same 
size as the microfluidic device (seals the recesses in the 
PMMA structure from the environment. The foil is from 
Permacel, a Nitto Denko company). This way the micro- 
recesses are closed. A window in the foil was cut just 
over the reaction area, in order to be able to detect the 
light emitted by the label. The diameter of the window is 
3,6 mm, of which 3,5 mm is covered with nitrocellulose. 
The depth of the chamber is about 450 [im. 
[0083] Strips of polyester supported nitrocellulose 
(from Whatman) were coated with Monoclonal mouse 
IgG anti human Myoglobin (Medix, Finland). Spots of 1 
^il (1 ^ig Ab/^il HEPES buffer pH 8) were dropped on to 
the nitrocellulose. The spots are dried at room temper- 
ature for 30 minutes. After this the nitrocellulose strips 
are blocked with a HEPES buffer + 0.1% Tween 20™ 
(from ICI, USA) at pH 8 for one hour. An additional drying 
step (4 hours at room temperature) is required before 
the strips are ready to use. 

[0084] The polyester support of the nitrocellulose strip 
was mounted on a double-sided adhesive tape. After 
that the nitrocellulose side is covered with a transparent 
plastic foil to avoid any damage. From these strips dots 
of 35 mm are prepared by using a revolver punch gripper 
from Conrad. It should be taken into consideration that 
the coated antibody is in the centre of the 35 mm dot of 
nitrocellulose. The protection foil and the double side 
adhesive tape are removed, and the polyester support 
side is put in the centre of to a 15x10 mm piece of Per- 
macel foil. This foil is put in the window where the reac- 
tion area is located. The nitrocellulose should face the 
PMMA structure, and it is located as close as possible 
to the outlet of the microrecess. the PMMA reaction ar- 
ea has a diameter of 36 mm. The risaction area is sealed 
with the Permacel foil containing the piece of nitrocellu- 
lose. 

[0085] Using 1 ml syringes, the label and wash reser- 
voirs are fliled with their respective buffers. Both reser- 
voirs are consisting of the chamber under the piezo- 
pump, the fluid diodes and the microrecesses, which are 
needed for a proper functioning. The label solution is a 
HEPES based buffer (pH8) containing a biotinylated 
monoclonal antibody (anti Myoglobin) with the fluores- 
cence labelled streptavidin (Molecular Probes). The flu- 
orescence signal is generated by a so-called Fluores- 
cence Resonance Energy Transfer system. When the 
complex Is excited at 635 nm it emits light at 778 nm. 
[0086] After filling the reservoirs, a syringe is filled 
with sample (Myoglobin Std from SCIPAC (Scipac Ltd. 
Kent UK) diluted with HEPES buffer pH 8, at a concen- 
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tration of 0 ng/ml, 100 ng/ml or 1000 ng/ml respectively 
and connected to the sample Inlet from the microfluldic 

device. 

[0087] Plezo pumps are connected to the amplifier 
and the wash and label syringes were removed from the 
microfluldic device. At this stage, the microfluldic device 
was ready-to-use. 

[0088] Subsequently the following steps are carried 
out. The syringe pump injects the sample in with 100 
mseconds breaks. After 300 seconds of sample incuba- 
tion the label fluid pump starts working at 3.5V (times 
-1 50) and a 0 offset with a counter pumping of the wash- 
buffer (amplitude 1.1V, magnification -150 times), offset 
= 0, no phase shift). After 4 seconds pumping the label 
fluid the reaction area Is incubated during 75 seconds 
with the label. The label fluid is refreshed seven times. 
This is achieved by pumping for 0,5 seconds with a 75 
seconds incubation time in between each time. After the 
last label interval the washing pump starts to work at 3,5 
V (times -150) and a 0 V offset with a counter pumping 
of the label (amplitude 1 .0 V (times -150), offset = 0 V, 
no phase shift). After 5 seconds of pumping the wash- 
buffer the reaction area is soaked during 1 5 seconds. 
The label fluid is refreshed eight times by 0,5 seconds 
pumping with 15 seconds diffusion In between. The 
washing interval ends with 15 seconds of diffusion. 
[0089] When the program is finished, the openings for 
the wash, label and waste fluids are sealed with Perma- 
cel foil. The sample syringe Is removed and the sample 
Inlet Is also sealed with Permacel foil. The piezo-pumps 
are disconnected and the piece of nitrocellulose Includ- 
ing the labelled component is removed from the reaction 
chamber. 

[0090] The piece of nitrocellulose is placed in a strip- 
holder (centre position, always in the same place) of the 
fluorescence reader from LRE Technology Partner Gm- 
bH and kept in the dark. After drying the nitrocellulose 
for 30 minutes it was read out with the LRE-Reader. The 
reader excites the fluorescent label with a laser diode 
that emits at 642 nm, and a photodlode collecting the 
emitted light from the dye above 725 nm. The slight dif- 
ference in wavelength is caused by the difference be- 
tween the theoretical value and the value actually used 
and/or obtained. When scanning the piece of nitrocellu- 
lose the fluorescence scanner obtains one value (in ar- 
bitrary fluorescence units) every 0.054 mm. 
[0091] In figure 7 the results of the measurement are 
shown. The first three peaks are three assays done on 
the same body, which were Incubated with 0, 100, and 
1 000 ng/ml of Myoglobin, successively. The second part 
of the figure shows a group of three peaks under iden- 
tical conditions but on another body. The detector de- 
termines the peak width. The detector scans the nitro- 
cellulose, each time generating a signal. 
[0092] Going from left to right the maximum peak level 
increases with Myoglobin concentration. As the spots 
used were placed as a liquid on the nitrocellulose the 
peaks can be somewhat a-sym metrical. The second se- 
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ries is somewhat different with respect to peak (height 
and width) as compared to the first series, which is due 
to statistical variation and reproducibility. 

5 Example 2. 

[0093] The microfluldic device according to the 
present invention is produced by methods known to the 
person skilled in the art. 

[0094] An embodiment according to the Invention 

consists out of a PMMA body (see figure 4). Figure 4 
shows the layout, though the dimensions shown herein 
are different in reality. The size of this body is 60 by 47 
by 1 mm^. The recesses in the front side and back side 
of the body are manufactured by Injection-moulding the 
PMMA body. Also the fluid diodes are made by injection 
moulding. The width of the fluid connections is about 1 
mm, the depth is approximately 450 nm. The diameter 
of the reaction chamber is about 4 mm. 
[0095] The body consists out of one provision for an 
inlet. Also three provisions for an outlet are present, the 
first in connection with the meandering fluid path with 
the wash fluid, the second in connection with the mean- 
dering fluid path for collecting the waste fluid, and the 
third In connection with the meandering fluid path with 
the label fluid. It further contains fluid connections be- 
tween the provision for the inlet and the reaction cham- 
ber, between the meandering fluid path for collecting the 
waste fluid and the reaction chamber, between the me- 
andering fluid path with the wash fluid and the reaction 
chamber and between the meandering fluid path with 
the label fluid and the reaction chamber. Also is contains 
two pump chambers, one for pumping the label fluid and 
one for pumping the wash fluid. These pump chambers 
are connected to the wash fluid and label fluid by a fluid 
connection from one side of the body to the other. Fur- 
ther four fluid diodes are present for directing the fluid. 
[0096] The cover layers are connected to the body by 
hot-welding PMMA. Before this hot-welding step a strip 
of nitrocellulose was place on the covering PMMA layer, 
in a location that it coincides with the reaction chamber. 
The reaction chamber contains as a moiety monoclonal 
mouse IgG anti human Myoglobin. 
[0097] This moiety was deposited on the cover layer 
prior to the hot-welding step. A drop of fluid containing 
the moiety was dripped on the nitrocellulose strip, of 
which the location also coincides with the reaction 
chamber. 

[0098] The pumps used are readily available piezo- 
pumps. 

[0099] The wash fluid used is demineralised water. 
The label fluid solution is a HEPES based buffer (pH 8) 
containing a blotinylated monoclonal antibody (antI My- 
oglobin) with the fluorescence labelled streptavidin (Mo- 
lecular Probes). 
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Example 3 

[0100] A preferred embodiment of the characterising 
or analysing device is constructed out of components 
that are readily available. 

[0101] The housing of the measurement device can 
be constructed by injection-moulding. The material used 
in the housing can be typically a polymer. 
[0102] The communication ports used can be stand- 
ard USB-interfaces, consisting out of USB-plugs and 
USB-sockets. 

[0103] The read-in unit can be a standard chip-read- 
out unit, used for instance for banking-cards, which is 
widely available. 

[01 04] The receiving device can be a standard receiv- 
ing unit, used for instance for the intake of banking-cards 
in an ATM, which is widely available. 
[0105] Typically the measurement device contains a 
laser. A preferred laser can be a standard 635 nm laser, 
which Is widely available. The type of laser and frequen- 
cy used will clearly depend on the component that is 
suspected to be present and/or the label used. 
[0106] The detection unit can be a standard 778 nm 
detection unit, which is widely available. 
[0107] Typical voltage amplitudes applied to the pie- 
zo-pump are 150V and 300V. The achieved pressure is 
from 200 to 4000 Pa, but may vary upon the piezo-pump 
used, the type of fluid diode and pumping altitude. 
[0108] The information unit can be a standard LCD- 
display, which is widely available. 



Claims 

1. System for characterising or analysing a fluid, which 
fluid is suspected to comprise at least one compo- 
nent to be characterised or analysed, comprising a 
microfluidic device, at least one pump for transport- 
ing the fluid and a measurement device which is ar- 
ranged to characterise or analyse the at least one 
component in the microfluidic device, 
which microfluidic device comprises at least one 
body(11), wherein the body has at least one sur- 
face, wherein the at least one surface has at least 
a part of the recess for containing the fluid in the 
microfluidic device and/or transporting the fluid in 
the microfluidic device through at least a part of the 
microfluidic device, 

wherein the body has at least one provision for an 
inlet (15) and at least one provision for an outlet 

(18). 

wherein at least a part of said recess (16) is a reac- 
tion chamber, which reaction chamber comprises a 
moiety that binds to the at least one component that 
is suspected to be present and that is to be charac- 
terised or analysed, which reaction chamber is ar- 
ranged for characterising or analysing the at least 
one component, 



wherein at least a part of said recess is a fluid con- 
nection (14) between the at least one provision for 
an inlet (15) and the at least one provision for an 
outlet, 

5 wherein at least a part of said recess (17) is a pump 
chamber, 

wherein at least the reaction chamber, pump cham- 
ber and fluid connection are sealed from the envi- 
ronment by at least one cover layer (12, 13). 

10 

2. A system according to claim 1 , where the measure- 
ment device comprises a measurement device for 
characterising the fluid, wherein the measurement 
device is arranged to obtain information based on 

*5 an optical technique selected from the group con- 
sisting of fluorescence, chemiluminescence, time 
resolved fluorescence, time resolved chemilumi- 
nescence, colorimetry or a combination thereof, or 
from the group consisting of magnetic measure- 

20 ments, resistivity measurements, capacity meas- 
urements, surface plasma resonance (SPR) meas- 
urements, or a combination thereof. 

3. A system according to anyone of claims 1 -2, where- 
as in the characteristics of the fluid comprise a concen- 
tration of at least one of the components of the fluid. 

4. A system according to anyone of claims 1 -3. where- 
in the at least one pump is a piezo-pump. 

30 

5. A system according to anyone of claims 1 -4. which 
is a disposable. 

6. Microfluidic device arranged for use in the system 
35 of anyone of the preceding claims, which microflu- 
idic device comprises at least one body (1 1 ), where- 
in the body has at least one surface, wherein the at 
least one suri'ace has at least a part of the recess 
for containing the fluid in the microfluidic device 

40 and/or transporting the fluid in the microfluidic de- 
vice through at least a part of the microfluidic de- 
vice, 

wherein the body has at least one provision for an 
inlet (15) and at least one provision for an outlet 

45 (18), 

wherein at least a part of said recess (1 6) is a reac- 
tion chamber, which reaction chamber comprises a 
moiety that binds to the at least one component that 
is suspected to be present and that is to be charac- 

50 terised or analysed, which reaction chamber is ar- 
ranged for characterising or analysing the at least 
one component, 

wherein at least a part of said recess is a fluid con- 
nection (14) between the at least one provision for 
55 an inlet (15) and the at least one provision for an 
outlet, 

wherein at least a part of said recess (1 7) is a pump 
chamber. 
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wherein at least the reaction chamber, pump cham- 
ber and fluid connection are sealed from the envi- 
ronment by at least one cover layer (12, 13). 

7. Microfluidic device according claim 6, wherein one 5 
cover layer and another cover layer form together 
one part. 

8. Microfluidic device according to anyone of claims 6 

or 7, which further comprises a filter in the at least io 
one provision for an inlet. 

9. Microfluidic device according to anyone of claims 
6-8, further comprising 

15 

a. at least a part of the recess for a washing 
fluid, and 

b. at least a part of the recess for collecting 
waste fluid. 

20 

10. Microfluidic device according to anyone of claims 
6-9, which further comprises at least a part of the 
recess which comprises at least one label fluid, 
which label binds to the moiety in the reaction cham- 
ber and/or to the at least one component to be char- 25 
acterised or analysed. 

1 1 . A microfluidic device according to anyone of claims 
6-10, which comprises at least one provision for an 
inlet (15) which is arranged to receive the fluid, said 30 
inlet being sealed by a seal from the environment, 
which seal is to be removed upon use, thereby 
opening at least one entrance to the at least one 
provision for an inlet and/or which comprises at 
least one provision for an outlet (18) that is prior to 35 
use sealed from the environment by a seal, which 
seal is to be removed upon use. 

12. A microfluidic device according to anyone of claims 
6-11. which comprises at least one soft seal that 40 
closes at least a part of the recess. 

13. The microfluidic device according to anyone of the 
claims 6-12, characterized In that at least one of 
the fluid connection(s) is equipped with fluid diodes ^5 
for resisting a flow of the fluid through the fluid con- 
nections in one direction. 

14. The microfluidic device according to claim 13, 
wherein the fluid diodes have a brush-like or a 50 
valve-like structure. 

15. The microfluidic device according to anyone of the 
claims 6-14, wherein the moiety that binds is cho- 
sen from the group consisting of a nuclear receptor, 55 
an intracellular receptor, a solubilized receptor, an 
antibody, an antigen, an enzyme, avidin. a polynu- 
cleotide and a polysaccharide. 



16. The microfluidic device according to anyone of the 
claims 6-15, which further comprises elements for 
directing the fluid. 

17. The microfluidic device according to anyone of the 
claims 6-1 6, which further comprises a readable in- 
formation carrier. 

18. The microfluidic device according to anyone of the 
claim 10 or claims 11-1 7 dependent thereon, where- 
in the at least one label is selected from the group 
consisting fluorescent labels, chemiluminescent la- 
bels and colorimetric labels. 

19. Measurement device suitable for use in a system 
according to anyone of claims 1-5, for characteris- 
ing or analysing a fluid in the microfluidic device of 
anyone of claims 6-18, which fluid is suspected to 
comprise at least one component to be character- 
ised or analysed, comprising a characterising or an- 
alysing apparatus to be associated to the microflu- 
idic device. 

20. The measurement device according to claim 19, 
which further comprises, 

a. at least one communication port for transfer- 
ring data, 

b. at least one read-out unit for reading in char- 
acteristics of the microfluidic device, 

c. at least one light source illuminating the re- 
action chamber in the microfluidic device, 

d. at least one detection element for detecting 
the radiation emitted from the reaction cham- 
ber, 

e. an information unit displaying characteristics 
of the fluid. 

21 . Measurement device according to claim 20. where- 
in the communication port is of an USB-type. 

22. Measurement device according to anyone of the 
claims 20-21 , wherein the read-out unit is of a chip- 
reader 

23. Measurement device according to anyone of the 
claims 20-22, wherein the light source is a laser. 

24. Measurement device according to anyone of the 
claims 20-23, wherein the detection element is a 
photodiode is, a CCD. a photo multiplier tube (PMT) 
or a series of photodiodes. 

25. Measurement device according to anyone of the 
claims 20-24, which comprises software. 

26. Method for characterising or analysing at least one 
component that is suspected to be present in a fluid 
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comprising, 

a. introducing a fluid to be characterised or an- 
alysed in a microfluidic device according to an- 
yone of claims 6-18, 5 

b. moving the fluid to a reaction chamber, 

c. reacting the fluid with the moiety that binds, 

d. moving a washing fluid to the reaction cham- 
ber and washing the reaction chamber, 

e. illuminating the reaction chamber to a light io 
source emitting radiation, 

f. detecting the radiation emitted. 

27. Method for characterising or analysing at least one 
component that is suspected to be present in a fluid 15 
comprising according to claim 26, which further 
comprises between steps c) and d). the step 

a. moving a label fluid to the reaction chamber 
and reacting the label with the moiety that binds 20 
and/or with the component to be 



32. A characterising or analysing method according an- 
yone of the claims 26-31 , where the component to 
be characterised or analysed is selected from the 
group consisting an antibody, a cell receptor, an an- 
tigen, a receptor ligand, an enzyme, a body, an Im- 
munochemical, an immunoglobulin, a virus, a virus 
binding component, hormones, allergenics, a pro- 
tein, a cellular factor, a growth factor, an cell-inhib- 
itor, DNA, RNA, antigen to be bond to an anti-body 
or receptor or a combination thereof. 

33. Method of pumping, applicable in anyone of claims 
27-32, which comprises the step of 

a. at least two Intervals of pumping of at least 
a fluid and a pause time in between pumping. 

34. A method of pumping according to claim 33, which 
further comprises a sequence of pumping of at least 
a fluid and at least another fluid. 



characterised or analysed. 



28. A characterising or analysing method according to 
claim 27, wherein steps d and e are repeated a 
number of times. 



25 



29. Method for characterising or analysing at least one 
component that Is suspected to be present in a fluid 
comprising, 



30 



a. introducing a fluid to be characterised or an- 
alysed In a microfluidic device according to an- 
yone of claims 6-18, 

b. moving the fluid towards a reaction chamber, 

c. combining the fluid with at least one label flu- 
id forming a combined fluid before the reaction 
chamber, 

d. reacting the label with the component to be 
characterised or analysed, 

e. moving the combined fluid to the reaction 
chamber and reacting the label with the moiety 
that binds, 

f. washing the reaction chamber with a washing 
fluid, 

g. illuminating the reaction chamber to a light 
source emitting radiation, 

h. detecting the radiation emitted. 

30. A characterising or analysing method according to 
anyone of claims 26-29, wherein the label is fluo- 
rescent, colorimetric or chemlluminescent. 
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45 
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31 . A characterising or analysing method according an- 
yone of the claims 26-30, wherein the light-source 
is a laser. 
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a mici^fluidic device comprising at least one body wherein 
the body has at least one surface wherein the at least one 
surface has at least a part of a recess for containing the 
fluid in the device and transporting the fluid in said 
device through at least a part of said device wherein the . 
body has at least one provision for an inlet and at least 
one provision for an outlet wherein part of the recess is a 
reaction chamber, which comprises a moiety that binds, to the 
component(s) suspected to be present and to be characterised 
or analysed, the reaction chamber is arranged for 
characterising or analysing the component, at least a part 
of the recess is a fluid connection between the at least, one 
provision for an inlet and the at least one provision for an 
outlet, at least a part of the recess is a pump chamber and. 
the reaction chamber, pump chamber and fluid connection are 
sealed from the environment by at least one cover layer. 
System and method using the device. Measurement device for 
said microfluidic device. 



2. claim: 8 

A microfluidic device comprising a filter in the provision 
for an inlet. 



3. claims: 13, 14 (e.g. when dependent on claims 6 and 7) 

The fluid connection(s) on a microfluidic device are 
equipped with fluid diodes 



4. claim: 21 

The communication port of a measurement device is a USB port 



5. claim: 22 



6. claims: 33,34 

a method of pumping comprising the step of at least two 
intervals of pumping of at least a fluid and a pause time in 
between pumping. 



The read out unit is a chip reader 
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(5^ La presents invention concerne un dispositif de culture 
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v6e de fluide et une sortie de fluide, caract6ris6e en ce qu'^ 
la partie inf^rieure de I'enceinte, se trouvent un ou plu- 
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au passage des celiules et en ce que Ie fluide entrant dans 
I'enceinte est pr§lev6, au moins en partie, d travers les ori- 
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la parol interne de Tenceinte. 

prteente invention se rapporte ^galement k un pro- 
c6d6 de stimulation artlfidelle de cellules utilisant ce dispo- 
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La presente invention concerne un dispositif de culture de 
cellules assurant leur immobilisation, permettant leur traitement par 
differents milieux en evitant leur manipulation, et un precede de 
stimulation de ces cellules utilisant ce dispositif. 

La presente invention se rapporte egalement a la stimulation 
de cellules, en particulier d'ovocytes ou d'oeufs fecondes, par un mecanisme 
biochimique regule dans les conditions physiologiques par un oscillateur 
interne. 

Elle se rapporte done a la procedure de clonage des embryons 
d'animaux et, en particulier a Tobtention d'ovocytes receveurs competents 
pour la greffe d*un noyau cellulaire dans un etat homogene. 

Le clonage d'embryons d'animaux domestiques est la voie 
permettant de remedier a la variabilite genetique induite par la 
fecondation et de standardiser les ameliorations genetiques d*une race. 

Lors de la fecondation, I'entree du spermatozoTde va avoir 
deux grandes fonctions : 

- apport du genome haploTde mile, 

- activation du developpement qui restructure le noyau male par le 
cytoplasme de Tovocyte et favorise les interactions noyau-cytoplasme. 

U s'ecoule en moyenne 12 a 20 heures entre la fecondation et 
la premiere division cellulaire, pendant lesquelles un ensemble de 
phenomenes ont lieu, les deux genomes paternel et maternel ayant des 
rdles complementaires pour un developpement ulterieur de I'embryon 
(Surani et al. 198*, Nature 308, 5*8-550), mais on n'en connait pas le 
mecanisme exact. 

Le clonage d'un embryon est une methode qui vise a obtenir le 
plus d'animaux vivants a la suite du transfert des noyaux cellulaires de cet 
embryon (qui contient plusieurs cellules) dans des ovocytes enuclees et 
actives. Les deux fonctions de la fecondation sont dissociees. Afin d'obtenir 
un developpement ulterieur de I'oeuf, il faut proceder a une activation de 
I'ovocyte receveur avant la greffe nucleaire. L'activation peut aussi 
s'appliquer aux premieres heures du developpement de I'oeuf feconde. 

On salt que les oeufs de mammiferes peuvent etre actives 
artificiellement par differents stimulis physiques ou chimiques, qu'il s'agisse 
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de chocs electriques, thermiques ou osmotiques, d'enzymes ou d'agents 
anesthesiques (Kaufman MH 1983 - Early mammalian development - 
parthenogenetic studies - Cambridge University Press). Cependant, 
I'activation est toujours identifiee a un stimulus unique, limite dans le 
5 temps, suppose mimer la penetration du spermatozolde dans I'oeuf. Aucun 
de ces traitements ne reproduit la serie de changements physiologiques se 
produisant dans I'oeuf apres la penetration du spermatozolde. 

On ne connait que quelques cas d'activation parthenogenetique 
de I'ovocyte de vache (Menezo et al. 1976 - Commission of the European 

10 Coimmunities, Agricultural research seminar, Egg transfer in Cattle. Eur 
5*91) ; aucune methode vraiment fiable et precise d'activation des ovocytes 
de bovins n'est disponible. L'activation experimentale par Methanol 
presente de nombreux inconvenients : grande variabilite des resultats en 
fonction de TSge des ovocytes (Cuthbertson, 1983 ; J. Exp. Zool. 226, 

15 311-31*). 

En ce qui concerne le clonage d'embryons, les premiers 
resultats incontestes ont ete obtenus par S. Willadsen en 1986 chez la 
brebis. Us ont ete suivis par ceux de Prather et al en 1987 chez la vache, et 
en 1989 chez la truie. Chez la lapine, les premiers individus issus de 

20 clonage ont ete obtenus par Stice et Robl en 1988. Les taux de succes de 
ces experiences rapportes dans les publications ne depassent generalement 
pas * %. Toutefois, des societes americaines (Granada Genetics, Houston, 
Texas) ou Canadienne (Alta Genetics, Callgary, Alberta), semblent 
maitriser la procedure de clonage chez les bovins. U est dit qu'une centaine 

25 de veaux aurait deja ete obtenue sur le continent nord-americain. Cette 
prise en main industrielle reflete TinterSt que suscite le clonage d'embryon 
chez les bovins. Mais les techniques ont-elles vraiment progresse ? 

Les procedures decrites dans les publications se ressemblent. 
Les ovocytes utilises ont subi une periode de vieillissement de 6 a 10 

30 heures. Ce veillissement est rendu necessaire pour favoriser Tactivation 
(aucune technique classique d'activation ne permet d'activer des ovocytes 
fralchement ovules meme chez les bovins (Ware et al. 1989). Les 
chromosomes organises sur la metaphase II sont preleves en "aveugle" dans 
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la region du premier globule polaire, mais des techniques de visualisation 
des chromosomes par fluorescence sont mises en oeuvre. Une cellule 
embryonnaire provenant d'une morula est introduite sous la zone pellucide 
et la fusion est obtenue par des impulsions de champs electriques. 
5 L'activation de I'ovocyte est generalement provoquee par la procedure de 
fusion cellulaire ; dans certains cas, elle n'est pas decrite. Deux chercheurs 
ont pu obtenir un agneau a la suite du transfert dans un ovocyte d'un noyau 
provenant d'une cellule du bouton embryonnaire (Smith & Wilmut, 1989). 

Toutefois, le niveau des resultats et la complexite des 

10 mecanismes en jeu tels que le stade de differenciation du noyau, la phase 
du cycle cellulaire, I'etat de I'ovocyte receveur, son age, la procedure 
deactivation ne permettent pas de comprendre pourquoi certains embryons 
se developpent et d'autres non. De nombreuses theories pour expliquer les 
echecs comme celle fondee sur Tactivlte de transcription du noyau 

15 transpiante ont ete contredites par quelques resultats experimentaux. 

Des donnees nouvelles sont apparues sur les mecanismes 
physiologiques declenches par la fecondation et notamment en ce qui 
concerne les rythmes des variations de niveau du calcium libre et des 
seconds messagers comme Tlnositol (l,6,5)-tri-phosphate (InsP3) 

20 (Cuthbertson et al. 1981 ; Cuthbertson & Cobboid, 1985 ; Miyazaki et al. 
1986 ; Miyazaki, 1988). L'activite periodique de ces seconds messagers 
pourrait reguler les syntheses des acides nucleiques (ADN et ARNs) et des 
proteines (Basset et al. 1968 ; Rodan et al. 1978). 

Le processus est declenche par le spermatozoTde dans les 

25 secondes qui suivent la fecondation. La chalne de reactions qui aboutit a la 
production d'InsP3 semble dependre d'un influx d'ions calcium. L'InsP3 se 
lie a un recepteur specif ique qui contr61e l'activite d'un canal calcique situe 
sur la membrane intracellulaire d'un reservoir intracellulaire de calcium. 
Le calcium ainsi libere active des proteines specifiques, qui elles-m§mes 

30 activent des processus specifiques, par exemple la complexation calcium- 
calmoduline, I'activation de kinase etc. Le calcium est considere comme 
I'activateur principal du metabolisme. Ce cycle de reactions se reproduit a 
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une frequence de Tordre de la minute durant plusieurs heures (McCulloh et 
al. 1983 ; Igusa & Miyazaki, 1983-1986 ; Miyazaki et al. 1986 ; Miyazaki, 
1988)* 

Cette activite rythmique, due a un systeme de signaux 
5 intracellulaires emis a une frequence propre, semble dependre de la 
presence de pronuclei male et femelle car elle n'a pu §tre observee sur des 
oeufs parthenogenetiques actives par des methodes classiques (Cuthberston 
et al. 1981 ; Cuthbertson & cobbold, 1985 ; Miyazaki, 1988). 

L^injection dans des ovocytes d'une proteine G (guanosine 
10 -5 '-0-(3-thio triphosphate) (GTP [S]) induit plusieurs cycles de liberation de 
calcium, mais ne permet pas de maintenir cette activite au-dela du 
quatrieme (Swann, Igusa & Miyazaki, 1989). 

Les contributions genetiques respectives de I'ovocyte et du 
spermatozoide sont tres documentees chez la souris, Ces etudes montrent 
15 que le developpement normal a terme d'un embryon depend de la presence 
permanente durant tout le premier cycle cellulaire des deux pronuclei 
parentaux (PN) (Surani & Barton 1983 ; McGrath & Solter, 198* ; Surani et 
al. 1986 ; Mann & Lovell - Badge, 1986, 1988). 

La production de jeunes par clonage ne peut §tre realisee dans 
20 la pratique que si Ton dispose de procedes fiables et reproductibles. La 
qualite de I'activation de I'oeuf joue dans le developpement un role 
important jusque la ignore. 

La maitrise de I'activation comprise comme phenomene 
rythmique s'etendant sur tout le premier cycle cellulaire est essentielle, 
25 non seulement pour produire en routine des ovocytes actives et synchrones 
mais aussi pour faire beneficier des oeufs "clones" de ce type d'activation 
imposee pour se developper normalement. 

La presente invention concerne done un procede de stimula- 
tion artificiel a long terme d'un ensemble de cellules reproduisant I'effet 
30 d'un mecanisme de regulation biochimique, contr61e dans les conditions 
physiologiques naturelles par un oscillateur interne, caracterise en ce qu'il 
comprend les etapes suivantes : 
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a) ies cellules sont placees en culture in vitro, pendant un temps 
determine, 

b) on effectue un lavage des cellules par le milieu d'impulsion, 

c) les cellules sont placees dans le milieu d'impulsion, 

5 d) on soumet les cellules a une impulsion generee par un champ electrique, 

e) les cellules sont a nouveau placees dans le milieu de culture, 

f) on repete les etapes precedentes un certain nombre de fois, et 

g) on obtient les cellules dans un etat active homogene, 

Ce procede de stimulation bien qu'il puisse etre utilise dans 
10 un grand nombre de procede, a ete mis au point dans le cadre de 
{'activation des ovocytes en vue du clonage d'embryons. Des etudes recentes 
ont en effet montre que dans les oeufs de mammiferes, la fecondation est 
accompagnee d*une augmentation transitoire de la concentration intracel- 
lulaire de calcium libre ([Ca suivie d'une serie d'oscillations de cette 
15 concentration, qui dure au moins * heures- 

On ignore encore par quel moyen le spermatozoTde declenche 
ces variations de [Ca "^]., ainsi que les fonctions biologiques exactes de ces 
oscillations de Ca de longue duree. Cependant, elles semblent caracte- 
ristiques des oeufs fecondes et n*ont jamais ete observees quand les 
20 ovocytes sont artificiellement actives (Miyazaki 1988 - J. Cell. Biol. 106, 
3^5-353). 

Le procede developpe dans la presente invention va done 

permettre de stimuler periodiquement les ovocytes par des influx de 

calcium au niveau de la membrane plasmique. 
25 En effet, en introduisant dans le milieu d^impulsion des ions 

Ca" , ceux-ci vont pouvoir penetrer dans la cellule par Telectroporation, 

c'est-a-dire la creation de 'Spores" generes par Timpulsion electrique, 

Au-dela des phenomenes immediats provoques dans Povocyte 

comme Texpulsion du globule polaire, les effets de cette stimulation se 
30 manifesteront sur les stades ulterieurs du developpement de Tembryon, 

alors meme que le traitement a cesse. C'est ainsi que les phenomenes -de 

compaction et de cavitation pourront etre affect es. 
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Ce procede peut s'appliquer aux ovocytes fraichement ovules, 
obtenus par stimulation hormonale de la femelle. L'activation des ovocytes 
dans les conditions definies de frequence, d'intensite et de duree provoque 
I'expulsion du deuxieme globule polaire. On peut alors prelever les 
5 chromosomes qui se trouvent en fin de telophase juste sous le deuxieme 
globule polaire. On dispose d'ovocytes dans le meme etat physiologique 
possedant un pronucleus. 

On introduit alors un blastomere sous la zone pellucide et on 
procede a la fusion cellulaire par action d'un champ electrique, 
10 Le procede peut alors s'appliquer aux embryons clones ainsi 

obtenus, afin d'ameliorer leur developpement, c'est-a-dire de regulariser 
les divisions cellulaires et d"obtenir la compaction. 

La stimulation par ce procede peut s'appliquer a des ovocytes 
fraichement ovules places en presence de cytochalasine B, qui inhibe 
15 Texpulsion du deuxieme globule polaire, maintenant un etat diploide. On 
obtient ainsi une population d'embryons parthenogenetiques, qui pourront 
§tre implantes dans des femelles receveuses et presenteront un developpe- 
ment synchrone du foetus et des annexes embryonnaires. 

Ces experiences d'abord menees sur des ovocytes de lapine ont 
20 ete confirmees sur des ovocytes de souris, reputes refractaires a I'activation 
juste apres I'ovulation. Les performances du procede sont done reproduc- 
tibles d'une espece a I'autre. La methode d'activation pourra certainement 
s'appliquer a des ovocytes fraichement ovules de bovin ou d'ovin. 

Si I'on soustrait les ovocytes en cours de traitement, lis 
25 regressent et on obtient certains artefacts, comme des ovocytes en 
metaphase III reproductibles a volonte, et qui offrent de nouvelles 
possibilites d'etudes, notamment sur la dynamique du cytosquelette et 
I'activation du genome. 

Le procede a ete congu sur la base des effets des champs 
30 electriques sur les membranes plasmiques. 

II a ete montre (Zimmermann, 1982) que des impulsions de 
champs electriques de I'ordre de 1 a 3 kVcm-1 et d'une duree de quelques \xs 
peuvent creer des micropores dans la membrane plasmique et etablir une 
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communication directe entre ies milieux intra et extra celluiaire, II a ete 
ainsi possible par exemple de faire penetrer du calcium dans des ovocytes 
d*oursin en les exposant a des impulsions de champs electriques en presence 
d'ions calcium (Rossignol et al 1983). L'amplitude de ces influx peut etre 
5 modulee par la duree de Timpulsion de champ electrique. 

Le procede implique la conjugaison d'une methode de culture 
in vitro d'un lot d'ovocytes (ou embryons) par perfusion entre deux 
electrodes et d'une methode de lavage avec une solution non conductrice 
contenant du calcium 0 a 20 dans laquelle sont delivrees les impulsions. 
10 La presence d'une solution tres faiblement conductrice au moment d'une 
impulsion permet de faire apparaitre un champ electrique entre les 
electrodes. Une presence excessive d'ions diminue Teffet "champ elec- 
trique". 

L'alternance d'une periode de culture et d'une periode de 
15 lavage permet de soumettre frequemment les ovocytes a des stimulations 
dans un milieu ionique tres bien defini. 

Ce procede peut s'etendre a la stimulation des cellules par 
toute une gamme de signaux simples ou complexes ioniques ou molecu- 
laires a des concentrations variables qui seront determines par la 
20 composition du milieu d'impulsion. 

Ce procede permet de moduler la frequence du signal par la 
duree entre deux lavages, et son amplitude par la duree de I'impulsion 
electrique. 

II est imperatif de remplacer totalement le milieu de culture 
25 par la solution d'impulsion, car I'intensite du courant due a des exces d'ions 
provenant du milieu de culture detruirait les ovocytes. Juste apres 
I'impulsion, la solution d'impulsion est remplacee par le milieu de culture, 
les ovocytes ne pouvant pas survivre dans la solution d'impulsion. 

Ce procede peut §tre pilote par I'intermediaire d'un logiciel 
30 qui permettra de creer des traitement de stimulation selon des equations 
specif iques, exponentielles, sinusoidales, suites de Fourier ou autresi - - 

L'un des aspects de la presente invention est le traitement 
simultane d'un ensemble d'ovocytes, qui seront ainsi obtenus, actives dans 
le meme etat physiologique. Les greffes de noyau pourront ainsi etre 
realisees sur des ovocytes physiologiquement identiques. 



2659347 



8 



Lors du clonage, la sequence et les phases du cycle cellulaire 
durant lesquelles sont enchalnees les operations ont des consequences tres 
importantes sur le remodelage des noyaux et sur le developpement 
ulterieur. 

U est extremement interessant de pouvoir standardiser les 
differentes phases du traitement des ovocytes, afin d'obtenir une bonne 
reproductibilite du procede. 

La presente invention concerne done un systeme dynamique, 
fonctionnant en continu et pouvant §tre automatise, realise par un 
dispositif permettant la succession automatique des etapes de lavage, de 
stimulation et ^acquisition des parametres de stimulation. 

Ce dispositif est caracterise par le fait qu'il assure i'immobi- 
lisation des cellules pendant les differentes phases du traitement. 

II est constitue d'une enceinte comportant une arrivee de 
fluide et une sortie de fluide et, est caracterise en ce qu*a la partie 
inferieure de I'enceinte se trouvent un ou plusieurs orifices dont la 
geometrie est telle qu'elle s'oppose au passage des cellules et en ce que le 
liquide entrant dans I'enceinte est preleve, au moins en partie, a travers les 
orifices, en creant une depression telle qu'elle assure sensiblement le 
blocage des cellules sur le ou les orifices, une partie du fluide etant 
evacuee par debordement- 

Ce dispositif permet de retenir les cellules sans les abimer ni 
introduire une contrainte mecanique parasite. En outre, il permet a tout 
moment de replacer, prelever ou deplacer des cellules. Ce dispositif 
permet done de placer successivement les cellules dans des milieux de 
composition chimique de differentes natures, durant des periodes et selon 
une frequence variables. 

L'enceinte comporte de preference sur ses parois internes 
deux electrodes paralleles, et les cellules sont aiignees a egale distance 
des electrodes, baignant dans le milieu correspondant a la phase du 
traitement en cours. 

Grice a ce dispositif, on peut a volonte cultiver les cellules 
ou bien dans le milieu d'impulsion faire penetrer dans la cellule traitee, un 
ion, une molecule, une substance chimique ou biologique complexe. 
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Ces milieux, aussi bien le milieu de culture que le milieu 
d'impulsion, sont eri circulation continue, et c'est ce flux de liquide qui par 
effet de succion assure le maintien des ovocytes entre les electrodes 
pendant les renouvellements du milieu. 

Les compositions des milieux de culture sont connues et 
dependent des cellules en culture. Le milieu d'impulsion est generalement 
constitue d'un milieu non ionique pour assurer un effet de champ. 11 s'agira 
d'une solution isotonique par exemple de glucose. 

La presence d'une grande quantite d'ions peut gravement nuire 
aux cellules lors de Timpulsion. II est done necessaire de laver les cellules 
avec le milieu d'impulsion pour eliminer les ions contenus dans le milieu de 
culture. 

Ce dispositif peut etre congu comme une chambre d'activation, 
dont la capacite peut etre adaptee au nombre de cellules que i'on souhaite 
traiter simultanement. 

Les caracteristiques du procede mettant en oeuvre le 
dispositif, peuvent varier largement et ne sont en general limitees que par 
des conditions telles que les durees de lavage. Ainsi, la frequence des 
impulsions est limitee par la duree de lavage minimum par le milieu 
d'impulsion. 

Les parametres du procede et du dispositif c'est-a-dire les 
arnvees et les sorties de fluide, de meme que la frequence, la duree et 
Tintensite des impulsions eiectriques arrivant dans les electrodes sont 
gerees par un systeme electronique. 

Les caracteristiques des impulsions eiectriques en elles-memes 
peuvent varier et dependre des cellules et des buts recherches. 

En general, les champs eiectriques varient de 1 a 3 Kv. cm"^ 
et I'impulsion electrique a une duree de 10 ps a 2 000 pis. 

L'organisation des tubulures qui debouchent dans la chambre 
permet d'injecter des milieux sans que les ovocytes soient decroches par les 
bulles de gaz qui- f inissent par se former dans les canalisations. De plus, ia 
structure de distribution des milieux permet de limiter considerablement la 
contamination ionique du milieu de stimulation par les ions du milieu de 
culture. 
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Les pompes d'injection des milieux peuvent etre commandees 
par un microordinateur qui determinera les sequences de lavage repetables 
tout en maintenant les cellules entre les electrodes. 

Ce dispositif pourra s'appliquer au traitement des cellules par 
5 toute substance que Ton souhaite faire penetrer dans Tespace intracellu- 
laire. La composition du milieu d'impulsion determinera la penetration de 
cette substance selon un gradient de concentration. 

Lors d'une culture cellulaire, on pourra provoquer, a un 
moment determine, qui peut Stre unique, I'entree dans I'ensemble des 

10 cellules de la substance souhaitee. Pour cela on remplacera le milieu de 
culture par le milieu d'impulsion et on declenchera I'impulsion de champ 
electrique, la duree de Timpulsion determinant la quantite de substance qui 
penetre. Ce milieu d'impulsion pourra alors §tre evacue et les cellules 
remises en culture dans un milieu approprie. L'avantage de ce systeme est 

15 qu'il permet de traiter simultanement un ensemble de cellules qui sont 
ainsi synchronisees. II fonctionne en continu et evite toute manipulation 
des cellules, assurant ainsi une meilleure reproductibilite et une plus 
grande rapidite d'execution. Ceci permet une standardisation des conditions 
et facilite le transfert de technologies. 

20 On peut envisager de faire penetrer dans les cellules un ion ou 

une molecule simple, Ce dispositif peut aussi s'appliquer a la stimulation 
des cellules par une molecule plus complexe, ou a la penetration de 
fragments d'ADN, ou d'episome. 

Ce dispositif sera utilise pour realiser une stimulation 

25 cyclique des cellules, plusieurs sequences de base etant realisees 
successivement, Tintensite, la duree et la frequence des impulsions pilotees 
par Tintermediaire d'un microordinateur. 



30 
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Ce dispositif permet la realisation du precede d'activation et 
de synchronisation d'ovocytes, par des stimulations repetees par Ca^% en 
vue du clonage d'embryons d'animaux domestiques. 

Un mode de realisation de la chambre est represente en figure 

I. 

La figure 2 represente les courbes de duree des impulsions 
pour les differents traitements appliques aux ovocytes. 

Dans la figure 1, les ovocytes 1 sont places sur une fente 
rectiligne realisee par la juxtaposition de deux plaques de verre 3 et 5, 
dont Tecartement est inferieur au diametre des ovocytes. Les milieux, 
milieu de culture et milieu d'impulsion, arrivent dans la partie superieure 
de la chambre chacun par une tubulure distincte, respectivement 10 et 11, 
evitant une contamination reciproque. 

Le milieu 9 correspondant a la phase de traitement en cours 
arrive en continu et est evacue par une tubulure 6 situee a un niveau plus 
bas que ceiui des ovocytes. Ce courant de liquide maintient par succion les 
ovocytes plaques sur le fond de la chambre. 

Sur les parois internes de la chambre se trouvent deux 
electrodes de platine 2 et 7, paralleles, de I cm de long. 

L'enceinte 8 est thermostatee a 38°C. 

Chaque milieu arrive dans la chambre apres passage par un 
systeme retenant les bulles de gaz de taiile importante. 

Ce systeme est constitue d'un ballon de verre dans lequel le 
liquide arrive. De ce ballon part une tige d'or perforee de trous de petit 
diametre : apres passage a travers cette tige, les bulles de gaz de taille 
importante sont retenues et le liquide arrive dans la chambre par une 
tubulure courte. 

Des lapines ont ete superovulees par injection de FSH et de 
LH, et les ovocytes preleves dans les oviductes. Apres traitement 5 mn par 
la hyaluronidase, les ovocytes sont places dans la chambre d'activation, 
dans le milieu B2 (Menezo, 1976 - C. Hebd. Seanc. Acad. Sci. Paris 282, 
1967-1970) a 38°C, dans une atmosphere a 5 % de CO2. 

Les ovocytes peuvent immediatement etre soumis au 
traitement d'activation, aucune periode de viellissement n'est necessaire. 



2659347 



12 



lis sont soumis pendant 90 minutes a une serie d'impulsions de 
champ electrique, a un rythme d'une impulsion toutes les ^ minutes, soit 22 
impulsions de duree decroissante dissipant une energie totale 1250 pjoules, 
d*une duree totale de 1^ 868 ps, le champ electrique a une valeur de 1,8 
Kv. cm"^, 

Avant chaque impulsion, le milieu de culture est remplace par 
un milieu d'impulsion constitue d'une solution isotonique de glucose 
contenant CaCl2 lOnM. 

A la fin du traitement d'activation, tous les ovocytes ont deux 
globules polaires bien formes. On obtient done au mSme moment, a 
quelques minutes pres, une population homogene d'ovocytes actives dans le 
mgme etat physiologique. Cela presente deux atouts : le premier est de 
pouvoir toujours realiser les greffes de noyau dans des oeufs physiologi- 
quement identiques, le second, plus pratique, est de pouvoir operer au 
moment ou les chromosomes (haploides) se trouvent tous en fin de 
telophase juste sous le deuxieme globule polaire. Ce reperage naturel de 
I'endroit ou se trouvent les chromosomes facilite leur retrait en "aveugle" 
et permet, sans avoir recours a des techniques de marquage fluorescent, 
d'enchainer rapidement les etapes de manipulations. 

On peut alors effectuer le prelevement des chromosomes. On 
remarque que les deux globules polaires ne sont pas toujours accoles 
(certains sont a Toppose I'un de Tautre, c'est pourquoi le premier globule 
polaire n'est pas un bon marqueur de I'endroit ou se trouvent les chromo- 
somes maternels). L'efficacite de cette operation, verifiee par la presence 
ulterieure d'un pronucleus, est superieure a 80 %. Un blastomere est 
ensuite introduit sous la zone pellucide. Quinze a 20 ovocytes peuvent etre 
manipules en 1 heure. 

On procede ensuite a la fusion cellulaire. La methode de 
fusion cellulaire derive des travaux de Zimmerman sur les champs 
electriques. La procedure a ete affinee. (Ozil et Modlinski 1986, J. Embryol. 
Exp. Morph. 96, 211-228). 

On obtient 100 % de fusion. II sera possible de realiser 
automatiquement, sous le controle d'un logiciel, I'alignement et la fusion 
cellulaire dans la chambre de stimulation. Cette procedure permettra de 
limiter la duree des manipulations et de standardiser les conditions 
experimentales. 
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MATERIELS ET METHODES 

On a induit une superovulation chez les femelles de lapin 
sexuellement matures d'especes varices par injection sous-cutanee 
d'hormone stimulant le foilicuie (FSH) et d'hormone luteinisante (LH) en 
accord avec la technique decrite par Kennely et Foote (i965) et modifee 
par Thibault (communication personnelle). Les femelles ont regu 2 mg de 
FSH en cinq injections a 12 heures d'intervalle : 0,250, 0,250, 0,650, 0,650 
et 0,250 mg, 12 heures plus tard, avant ia saillie par un male vasectomise, 
on leur a injecte 0,33 mg de LH, 

Les ovocytes ont ete recuperes a partir des oviductes 12-15 h 
apres la saillie par lavage par une solution saline de phosphate tamponne 
(PBS), (is ont ete incubes pendant 5 minutes dans Thyaluronidase (300 
i.u.ml-1 dans du PBS) pour eliminer les cellules foUiculaires. Apres le 
traitement, les ovocytes ont ete cultives a 38** dans du milieu 82 (Menezo 
1976) dans une atmosphere a 5 96 de C02. 

Methode et procedure experimentale 

La permeabiiite membranaire des ovocytes de lapin fraiche- 
ment ovules a ete transitoirement augmentee par ouverture des pores par 
une impulsion induite par un champ electrique en presence de Ca^"^ 10 pM 
contenu dans une solution de glucose 0,3 M - 18 MOhm H20 (milieu 
d'impulsion). II est admis que, pendant que les pores sont ouverts, un flux 
d'ions circule selon les gradients de concentration a travers la membrane 
cellulaire vers i'interieur du cytosol comme cela a deja ete montre dans des 
ovocytes d»oursin (Rossignol et al, 1983). Ainsi, Pinflux ionique peut etre 
ajuste dans ces conditions soit par la difference de concentration ionique 
entre I'interieur et I'exterieur de la cellule soit par la duree des 
impulsions. 

- La- procedure --experimentale pour un flux ionique induit 
electriquement etait similaire a celle precedemment decrite pour la fusion 
par champ electrique d'embryons de lapin a deux cellules (Ozil et Modlinski 
19S6). Les ovocytes sont cultives avec du milieu Ml 6 (Whittingham, 1971) a 
3S*'C dans une chambre specialement congue. Avant chaque impulsion, le 
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milieu de culture est automatiquement remplace par le milieu d'impulsion. 
Les details de la chambre sont decrits dans la figure 1. Chaque impulsion 
etait composee de deux impulsions alternatives afin d'eviter " une 
electrophorese laterale " (Jaffe 1977) des proteines de membrane qui 
5 pourrait intervenir apres plusieurs impulsions de la mSme polarite (Poo, 
19S1). L'amplitude du signal ionique etait module a travers la duree de 
I'impulsion. Le processus en entier etait controle par un micro-ordinateur 
IBM PC-AT 286 par I'intermediaire d'une interface Tektronix MI 5010 avec 
un programme ecrit en MS-BASIC. Le voltage reel et le courant entre les 

10 electrodes etaient mesures par un oscilloscope Tektronix 770*1 monte avec 
un convertisseur numerique programmable 7D20 et un amplificateur 7A22. 

Le rythme des impulsions electriques et la duree totale du 
traitement etaient les memes pour tous les traitements, c'est-a-dire 
appliquer une impulsion toutes les quatres minutes pendant 90 minutes. 

15 Ces \aleurs ont ete choisies parce qu'elles s'accordent bien avec la 
frequence et la duree moyenne de Thyperpolarisation du potentiel de 
membrane des ovocytes de lapin pendant la fecondation (22 oscillations 
biphasiques du potentiel membranaire pendant les premieres 90 minutes 
suivant la fusion sperme-oeuf, une impulsion toute les ^■ minutes -McCulloh 

20 et al., 1983). On salt que la variation du potentiel de membrane reflete le 
passage de K base sur des canaux actives par le calcium et qu'elles 
constituent done un indicateur fiable de [Ca "^J. (Miyazaki et Igusa 1982). 
L'amplitude de champs electriques (1.8 kVcm-1) etait constante pour tous 
les groupes experimentaux. 

25 

Traitement des ovocytes 

Les effets des differents parametres du traitement sur 
Tactivation des ovocytes ont ete etudies dans quatre groupes experimen- 
30 taux. 
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Groupe A - Environnement experimental 

Afin de tester Teffet des conditions experimentales (perfusion 
continue, remplacement du milieu de culture et impulsions electriques), des 
5 ovocytes fraichement ovules et des oeufs fecondes soumis a 22 doubles 
impulsions de 900 us dans le milieu d'impulsion depourvu de Ca^"*" (la 
premiere impulsion est donnee 13 a 15 heures apres la saillie). Apres le 
traitement, les oeufs fecondes ont ete transferes dans des receveuses pour 
' determiner la survie a terme. Les ovocytes non fecondes ont ete cultives in 
10 vitro et le taux d'activation parthenogenetique a ete note. 

Groupe B - ions calcium et duree des impulsions 

L'effet de la duree des impulsions a ete etudie dans le milieu 
15 d'impulsion contenant du CaC12 10 \xM. Le traitement pour lequel les 
ovocytes ne sont pas actives a ete considere comme etant la duree 
minimum et celui resultant dans la lyse des ovocytes a ete considere 
comme etant la duree maximum. Un jeu de six traitements avec 22 doubles 
impulsions constantes a ete choisi arbitrairement. Ces traitements ont une 
20 duree d'impulsions egale a 200, 300, 600, 900, 1200 et 1500 ps respective- 
ment. L'effet de la presence d'ions Na"*" et Mg^"*" a une concentration de 10 
|iM dans le milieu d'impulsion a ete teste avec 22 doubles impulsions 
constantes d'une duree de 900 |is. 

25 Groupe C - modulation des impulsions et type d'activation partheno- 



genetique 



30 Le traitement avec 22 doubles impulsions de duree constante 

revele la valeur de la duree de Timpulsion pour laquelle les effets 
maximum et minimum sont enregistres. Ces traitements constants ne 
produisent pas un taux eleve d'activation avec un type uniforme d'oeufs 
parthenogenetiques. Afin de verifier si une reduction progressive des 



2659347 



16 



stimuli calcium dans un traitement donne a un effet sur le type de reaction 
parthenogenetique, les ovocytes ont ete soumis a des traitements dans 
lesquels la duree des impulsions decroissait peu a peu selon une relation 
exponentielle negative. Quatre traitements ont ete testes en accord avec la 
duree maximum de la premiere impulsion. La figure 2 donne la courbe des 
durees dMmpulsions pour ces traitements. 

Une relation exponentielle negative (D(n)=e (axn+b)+c) entre 
rindice de Timpulsion (1 a 22) et la duree d'impulsion (1500 [is a 200 \xs) a 
ete choisie arbitrairement pour trouver la valeur de chaque impulsion au 
cours du traitement. 

Avec D(n) : duree d'impulsion du cycle (n). 

Le coefficient a determine la pente de decroissance de cette 

relation. 

Le coefficient b determine la duree de la premiere impulsion. 
Le coefficient c determine ia duree de la derniere impulsion. 
Les coefficients a et c sont constants et egaux respectivement 
a -0,4 et 200. 

b = 5,9920 pour le traitement I 

= 6,5510 pour ie traitement 11 

' 6,90S0 pour le traitement III 

- 7A70G pour le traitement IV- 
Groupe D - Modulation du champ electrique et developpement in vitro 

Les oeufs sont traites en presence de 8 pgml-1 de cytocha- 
lasine B dans le milieu de culture pour bloquer Texpulsion du second 
globule polaire et obtenir une population uniforme d'oeufs partheno- 
genetiques diploides. Deux traitements ont ete appliques au groupe C, le 
traitement I qui est le traitement faible avec une duree totale d*impulsion 
egale a 1 1 228 ps et le traitement III qui est le traitement fort avec une 
duree de 14 868|js. Les oeufs parthenogenetiques ont ete cultives in vitro 
jusqu'au stade blastocyste et Tinfluence des deux traitements a ete evalue 
par le taux de formation de blastocyste. 
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Viabilite au dela de Timplantation des embryons parthenogenetiques 



diploides 



5 Les embryons au stade ^-cellules ont ete transpiantes dans les 

oviductes de receveuses. Les oeufs fecondes ont egalement ete transpiantes 
dans la come opposee de quelques receveuses afin de comparer le 
developpement parthenogenetique au developpement normal. Les receveu- 
ses ont ete autopsiees entre le jour 8.5 et le jour 13 de la gestation et le 
10 nombre de sites d'implantation de foetus vivants a ete note. 

RESULTATS 

Groupe A - Effet de I'environnement experimental (controles) 

15 : 

Quant le milieu d'impulsion ne contient pas d'electrolytes, 
auGun des ovocytes (105) n^est active. L'environnement experimental et les 
confditions de culture c'est-a-dire le remplacement du milieu de culture 
avant chaque impulsion par un milieu d'impulsion ne contenant pas 

20 d'electrolytes et le traitement par des impulsions electriques relativement 
fortes (2 X 1.8 l<Vcm-lx900[iS x 22 fois, c'est-a-dire une duree totale 
d'impulsions de 30 600 |is) n'a pas d'effet visible sur les ovocytes 
fraichement ovules mais les conditions ne permettent pas de declencher le 
developpement. Par contre 41 96 (9/22) des oeufs fecondes traites de la 

25 m§me maniere se sont developpes a terme demontrant ainsi que le 
traitement par des impulsions electriques de haut voltage n*a pas d'effet 
contraire sur la capacite de developpement des ovocytes fecondes. II n'etait 
pas possible de rem placer totalement le milieu de culture par le milieu 
d'impulsion avant chaque impulsion. Le courant mesure pendant I'impulsion 

30 revele que la conductivite du milieu d'impulsion est au moins de 15 % 
superieure a celle du milieu d'impulsions mesuree entre les electrodes 
avant experience et avant la premiere injection de milieu de culture. 
Pendant I'experimentation, des ions provenant du milieu de culture sont 
encore presents pendant les impulsions et ceci modifie le signal ionique. 
Ces variations du micro-environnement n'apparaissent pas comme ayant un 
quelconque effet significatif sur I'activation ou le developpement 
embryonnaire. Dans cette serie d'experimentations, les oeufs sont laves par 
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le milieu d'impulsion pendant ^5 secondes toutes les quatre minutes. Cette 
periode pendant laquelie les oeufs ne sont pas dans le milieu de culture n'a 
pas d'effet significatif sur I'activation ou sur la survie a terme. 

Groupe B - ions calcium et duree de ^impulsion 



Le tableau I resume les resultats de ^experimentation dans 
lequel le taux deactivation a ete teste en relation avec la duree d'impulsion 
en presence de CaCl2 10 pM. 

L'apparition de pronuclei apres 3 ou ^ heures de culture sert 
de marqueur pour I'activation parthenogenetique. Ces resultats montrent 
clairement que ^activation parthenogenetique est declenchee quand le 
milieu d'impulsion contient Ca 10 pM. 

De plus, le taux -d 'activation est directement relie a la duree 
de I'impulsion qui controle indirectement la stimulation par le calcium. La 
duree des stimuli ioniques n'influence pas seulement le taux deactivation 
mais aussi la configuration nucleaire des ovocytes parthenogenetiquement 
actives d'ige postovulatoire semblables. 

Plus la duree d'impulsion est longue, plus la proportion d'oeufs 
actives est elevee mais plus la proportion d'ovocytes contenant des 
micronuclei est importante. 

Groupe C - modulation des impulsions et type d' activation partheno- 



genetique. 



Les resultats sont resumes dans le tableau IL La relation entre 
le type d'activation parthenogenetique et chaque traitement est egalement 
montree dans le tableau IIL Quand la duree de Timpulsion est reduite, tous 
les ovocytes sont actives et la majorite (91 %) d'entre eux ont un 
pronucleus unique et deux globules polaires quand la meiose est terminee. 

Ainsi, la modulation des stimuli de calcium a travers la duree 
de I'impulsion semble §tre effective et influence les premieres etapes du 
developpement. 

Dans cette etude, I'age des ovocytes etait similaire et ne peut 
done pas affecter les resultats. 
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Groupe D - Effet de la modulation de champ electrique sur le 



developpement in vitro d'ovocytes actives par parthenogenese. 



Les resultats sont resumes dans le tableau IIL Aucune 
difference visible dans le developpement de chaque groupe n'a pu etre 
notee jusqu'a la troisieme division, 

Dans les embryons parthenogenetiques produits par le 
traitement I, une proportion plus faible d'embryons presente une 
compaction et ceux qui se compactent sont irreguliers. Par contre, la 
majorite des embryons produits par le traitement III se compacte et se 
developpe jusqu'au stade de blastocyste. 

Ces resultats montrent que la forme du stimulus deactivation a 
un effet profond sur la capacite des embryons parthenogenetiques a se 
developper jusqu'au stade de blastocyste in vitro. 

Viabilite post-implantation des oeufs parthenogenetiques diploTdes. 



13 receveuses sont devenues gravides et ont ete autopsiees 
entre le jour 8.5 et le jour 13. Les resultats sont resumes dans le tableau IV. 
Bien que les embryons parthenogenetiques soient plus petits que les 
embryons de contr61e, ils apparaissent morphologlquement normaux selon 
les criteres deflnis pour le lap in par Edwards (1968). Le rapport entre la 
taille des annexes embryonnaires et celle du foetus est grossierement 
equivalent pour les embryons obtenus par fecondation ou par partheno- 
genese. 

AInsi, 11 semble que le developpement general des embryons 
parthenogenetiques, le foetus et ses tissus trophoblastiques soit ralentl. 

Les foetus morts ont plusieurs anomalies et il n'etait pas 
possible de les classifier. 
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Tableau 1 - 

Effet de la presence d'ions calcium et duree de rimpulsion electrique sur 
I'activation des ovocytes de lapin 



Duree Nombre 
d'impulsion d'ovocytes 
(ps) 



Nombre % 
lyses (%) actives 1 



% d' ovocytes actives avec 
PN+PBi 2PN 2PN// 
&PB2 +PB1 +PB1 



10 


200 |js 


1^7 


0 


(0) 


13 


83 


17 


0 




300 \is 


99 


0 


(0) 


62 


68 


25 


7 




600[is 


85 


0 


(0) 


98 


71 


19 


10 




900 ps 


63 


0 


(0) 


100 


62 


1* 


2* 




- 1 200 MS 


97 


5 


(5) 


100 


57 


29 


1* 


15 


1 500 MS 


50 


3 


(6) 


100 


30 


17 


53 



Tableau 2 - Effet de la modulation du champ electrique sur Pactivation 

20 

Traitement Nombre % % ovocytes actives avec 

d^ovocytes activation 1 PN+PBl 2PN 2PN# 

&PB2 +PB1 +PB1 



25 I 


86 


88 


83 


9 


8 


II 


151 


99 


89 


9 


1 


III 


118 


100 


91 


9 


0 


IV 


96 


100 


70 


25 


5 



30 

// Pronuclei anormaux, petits micronuclei 



i 
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Tableau 3 - 

Effet de la modulation de champ electrique sur le developpement d'oeufs 
parthenogenetiques in vitro 



Traitement Nombre 



Nombre 



Nombre 



d' ovocytes activation cultives morulae 



Nombre 
blastocystes 



compact (%) 



10 



I 

III 



98 
352 



91 

100 



69 
2** 



25(36) 
2**(1G0) 



23 (33) 
216 (88) 



Tableau * - 

15 Developpement post-implantation d'oeufs parthenogenetiques soumis au 
traitement m. 

Jour de I'autopsie J 8-9 J 9-10 J 10-11 J 12-13 Total 

20 Nombre d'oeufs 

transferes 21 26 50 68 165 

Nombre d'implan- 

tations 9 3 15 23 50 

25 % cumule (*2,8) (21,2) (27,8) (30,3) 

Nombre de foetus 

vivants 8 3 7 0 18 

% cumule (88,8) (91,6) (66,6) (36) 



30 
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REVENDICATIONS 

!• Dispositif de culture de cellules constitue d*une enceinte 
comportant une arrivee de fluide et une sortie de fluide, caracterisee en ce 
qu'a la partie inferieure de Tenceinte, se trouvent un ou plusieurs orifices 
dent la geometrie est telle qu'elle s'oppose au passage des cellules et en ce 
que le fluide entrant dans I'enceinte est preleve, au moins en partie, a 
travers les orifices, en creant une depression telle qu'elle assure 
sensiblement le blocage des cellules sur le ou les orifices, une partie du 
fluide etant evacuee par debordement. 

2. Dispositif selon la revendication 1, caracterise en ce que 
des electrodes sont placees sur la parol interne de I'enceinte, 

3. Dispositif selon les revendications 1 et 2, caracterise en ce 
que I'enceinte comporte deux parois laterales sur lesquelles sont places les 
electrodes, le ou les orifices etant alignes a egale distance des electrodes. 

Dispositif selon les revendications 1 a 3, caracterise en ce 
que I'orifice est une orifice unique, constitue par une fente rectiligne dont 
la largeur est inferieure au diametre des cellules. 

5. Dispositif selon les revendications la*, caracterise en ce 
que la fente est creee par la juxtaposition de deux plaques de verre. 

6. Dispositif selon les revendications 1 a 5, caracterise en ce 
que I'enceinte peut §tre isolee et placee dans une atmosphere de 
composition definie et/ou sterile. 

7. Dispositif selon les revendications 1 a 6, caracterise en ce 
que les arrivees et les sorties de fluide sont gerees par un systeme 
electronique. 

8. Dispositif selon les revendications 2 a 7, caracterise en ce 
que la frequence, la duree et I'intensite des impulsions electriques arrivant 
dans les electrodes sont gerees par un systeme electronique, 

9. Dispositif selon les revendications 1 a 8, caracterise en ce 
que le fluide arrive dans I'enceinte par une tubulure courte, apres passage 
par un systeme evitant I'arrivee de bulles de gaz de taille importante. 
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10. Dispositif selon la revendication 9, caracterise en ce que le 
systeme est constitue d'un ballon de verre dans lequel arrive le fluide et 
d'une tuyauterie d'evacuation qui est constituee d'un tube perfore de trous 
de tres petit diametre qui debouchent au voisinage du centre du ballon, 

5 ladite tuyauterie se raccordant sur la tubulure courte. 

11. Dispositif selon les revendications 1 a 10, caracterise en ce 
que des fluides de connpositions differentes peuvent arriver successivement 
dans Penceinte, et que les systemes d'arrivee et d'extraction des fluides 
evitent leur contamination reciproque. 

10 12. Dispositif selon les revendications 2 a 11, caracterise en ce 

que : 

- le fluide present dans I'enceinte est un milieu d'impulsion, contenant au 
moins une substance assurant I'apparition d'un champ electrique et 
eventuellement une molecule ou toute substance specifique que Ton veut 

15 faire penetrer dans la cellule, et 

- une impulsion de champ electrique est appliquee par I'intermediaire des 
electrodes. 

13. Dispositif selon les revendications 1 a 12, caracterise en ce 
que le systeme electrique permet de realiser sur les cellules la sequence 
20 comprenant les etapes suivantes : 

- mise en culture des cellules dans un milieu de culture approprie pendant 
un temps determine, 

- remplacement du milieu de culture par un milieu d'impulsion, 

- envoi d'une impulsion de champ electrique par I'intermediaire des 
25 electrodes, 

- remplacement du milieu d'impulsion par un milieu de culture. 

1*. Dispositif selon les revendications 1 a 13, caracterise en ce 
que les cellules traitees sont des ovocytes. 

15. Dispositif selon les revendications 1 a 13, caracterise en ce 
30 que les cellules traitees sont des oeufs fecondes. 

16. Dispositif selon les revendications 1 a 15, caracterise en ce 
que le milieu d'impulsion contient Ca^"*". 
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17. Dispositif selon les revendications 1 a 16, caracterise en ce 
que le milieu d'impulsion contient Ca^"*" a une concentration 10 \xM. 

18- Dispositif selon les revendications 1 a 17, caracterise en 
ce que la sequence a laqueile sont soumises les cellules est repetee 
plusieurs fois, avec une frequence pouvant varier, la duree de Timpulsion de 
channp electrique pouvant etre differente au cours de chaque sequence. 

19. Dispositif selon la revendication 18, caracterise en ce quUl 
permet de realiser Talignement des cellules et la fusion cellulaire par 
action d'une impulsion calibree generee par un champ electrique. 

20« Dispositif selon la revendication 1 9, caracterise en ce que 
le traitement de fusion cellulaire est automatlquement gere par un systeme 
electronique. 



1/II 
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DIELECTROPHORFTIC CHAR ACTERISATION 
OF MICRO-ORGANISMS ANn OTHER PARTICLES 

This invention relates to a method and apparatus for the 
characterisation or identification of micro-organisms and other 
particles, utilising the phenomenon of d1 electrophoresis. 

It is well known that dielectrically polari sable particles 
05 suspended In a medium in a non-uniform electrical field are 
subject, even if they bear no net charge, to a "dielectrophoretic" 
force tending to move them (according as their polari sability is 
greater or less than that of the medium) in the direction of 
increasing or decreasing strength of the electric field, the force 
10 F to which a particle of volume v and effective polari sability p Is 
subject being given by the relation 

F - pv <E V) E 

where E is the electric field strength at the position of the 
particle and V is the del vector operator. In an alternating field 

15 in which the field strength at any point is oscillatory but in 
which the field pattern remains stationary, the dielectrophoretic 
force on a particle is unidirectional, though its magnitude varies 
cyclically, and the resulting motion of the particle Is also 
unidirectional, such as to move it, if its polari sability Is 

20 greater than that of the surrounding medium, towards increasing 
strength of field and, usually, towards one or another of a system 
of electrodes between which the field Is produced. The use of an 
alternating field has the advantage that it imposes on a particle 
no net force due to any net electrical charge on the particle, 

25 since any such force is itself alternating and its average over a 
cycle is zero. 

It has been proposed to use the. dielectrophoretic effect for 

collecting biological cells from an aqueous or other fluid 
suspension containing such cells, by placing the suspension In a 
30 container provided with a system of electrodes so that the 
electrodes are immersed in the suspension, and then applying a 
voltage (usually alternating) between the electrodes so that cells 
in the suspension (moving always In the direction of increasing 



- 2 - 

field strength at their own Immediate location) are caused to move 
towards one or other of the electrodes and to collect on the 
electrodes or In their Immediate vicinity. As described In a 
paper by O.A.R. Price, O.P.H. Burt and R. Pethig In Blochlroica et 

05 Blophysica Acta 964 (1988), pages 221-230, the rate of collection 
of the cells has been observed and measured photometrically by 
shining a light through the Inter-electrode gaps and measuring the 
Intensity of the beam of light after transmission; the reduction 
In transmitted light Intensity, due to Increased absorption or 

10 scattering of the light as cell collection proceeds, gives a 
measure both of the total of cells collected and of the rate of 
cell collection as a function of time. Usually the rate of 
collection Is greatest Initially and then falls off, due both to 
reducing concentration of cells remaining In the suspension and to 

15 a screening or saturation effect due to the presence at the 
electrodes of the cells already collected. 

As reported in the above-mentioned paper, It has been found 
that the rate of collection of cells Is also a function of the 
frequency of the applied electric field. I.e. of the voltage 

20 applied to the electrodes, for any one type of cell (or other 
particle) a collection-rate spectrum, i.e. a curve relating cell 
collection rate to frequency of the applied electric field, can be 
established over a field-frequency range from, say, TOO Hz 
to 10 MHz; and it Is found that cells of different kinds have 

25 significantly different collection-rate spectra. 

It might be hoped that this fact, that cells of different 
Rinds possess different collection-rate spectra, might enable the 
unknown suspended constituents of a fluid suspension of 
micro-organisms to be identified by establishing a composite or 

30 aggregate collection-rate spectrum for the suspension as a whole 
and then analysing that spectrum in terms of the known spectra of 
individual possible constituents and the proportions in which such 
individual spectra could be combined additively to yield a 
composite spectrum corresponding to that established 

35 experimentally. 
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However, with the known apparatus by means of which such a 
composite spectrum could be established, the time and effort 
required for doing so would be Inconveniently great since after 
every determination of the collection rate at one frequency the 

05 container containing the sample of suspension being investigated 
would have to be flushed and filled with a fresh sample or, at 
least, the existing sample would have to be restored to its 
original pre-investigatlon condition, by vigorous agitation for 
example, in a manner which cannot easily be envisaged since it is 

10 essentially stagnant. Furthermore, monitoring the collection rate 
by means of a light beam which shines only through Inter-electrode 
gaps is an unsatisfactory expedient since it gives no direct 
information about collected particles which are concealed "behind" 
the electrodes. 

15 It is an object of the present Invention to provide Improved 

apparatus for establishing dielectrophoretic collection rates and 
collection-rate spectra for di electrically polari sable particles 
in a suspension and an improved method, using such apparatus, of 
establishing such collection rates and collection-rate spectra and 

20 of thereby characterising or identifying such particles in 
suspension by reference to known collection-rate spectra of known 
types of particle. Particles to which the Invention may be 
applied include various kinds of animate particles such as 
micro-organisms and cells such as blood cells, sub-cellular 

25 particles such as viruses and plasmids, and inanimate-material 
particles such as latex beads, which may or may not be coated with 
animate materials; and in the following disclosure references 
simply to particles, for the sake of brevity, are intended to be 
understood in this broad way. 

30 According to one aspect of the invention, there is provided 
apparatus for establishing dielectrophoretic collection rates for 
particles in a fluid suspension, comprising a chamber for the 
suspension fluid, an electrode system disposed to influence such 
fluid within the chamber, means for applying an alternating 

35 voltage between electrodes of the electrode structure and thereby 
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establishing in such fluid a spatially non-uniform alternating 
electric field thereby to induce dielectrophoretlc collection 
adjacent such electrodes of electrically polari sable particles 
suspended in the fluid, and means for measuring particle 

05 concentration at a location within the chamber, wherein the 
chamber is provided with an inlet and an outlet, so disposed that 
fluid flowing through the chamber from the inlet to the outlet 
flows past the electrode structure and then through the said 
location, and with means arranged to produce such fluid flow 

10 through the chamber. 

The means arranged to produce fluid flow through the chamber 
may be fluid circulating means arranged to re-circulate fluid from 
the outlet to the inlet of the chamber. 

The means for measuring micro-organism or other particle 

15 concentration is preferably of the kind already described, 
comprising a light source arranged to project a beam of light 
through the chamber (but at a location downstream of, instead of 
at, the electrode structure) and light detector means sensitive to 
the Intensity of the light beam after transmission through the 

20 chamber and thus to the Increased or decreased absorption or 
scattering of the light beam which Indicates an Increase or 
decrease In the concentration of micro-organisms or other 
particles suspended In the fluid traversed by the light beam. 

According to a further aspect of the Invention there Is 

25 provided a method of establishing dielectrophoretlc collection 
rates for dielectrlcally polarisable particles In a fluid 
suspension, comprising: causing the suspension fluid to flow past 
an electrode structure, energising the electrode structure for a 
predetermined time Interval with an alternating voltage at a 

30 preselected frequency and thereby establishing In the flowing 
fluid a spatially non-uniform alternating electrical field and 
Inducing dielectrophoretlc collection, adjacent the electrode 
structure, of dielectrlcally polarisable particles suspended In 
the fluid, thereafter terminating the energisation of the 

35 electrode structure and thereby releasing the particles collected 



adjacent thereto, and measuring the pulse of Increased particle 
concentration at a location downstream of the electrode structure 
which occurs as the released particles are carried through such 
location by the flowing fluid. 
05 Preferably this method according to the invention is carried 

out using the above-indicated apparatus according to the 
Invention. 

It will be appreciated that the pulse of increased particle 
concentration which Is carried through the measuring location. 

10 following release of collected particles from the electrode 
structure, is thereafter rapidly dispersed into the suspension 
fluid during its flow; and the method may be carried out 
repeatedly, even on a sample which is small and therefore has to 
be re-circulated, using different frequencies of the applied 

15 alternating voltage during successive electrode-structure 
energisation intervals, in order to produce the data required for 
establishing either the whole or critical ranges of the 
collection-rate spectrum of the suspension under examination. The 
data thus acquired can then be correlated with corresponding known 

20 data relating to the collection-rate spectra of particular 
micro-organisms or other particles to establish the relative 
and/or absolute concentrations of such particles required in the 
suspension under examination in order that it should yield the 
collection-rate data which have been acquired. 

25 The invention will be more fully understood from the following 

more detailed description with reference to the accompanying 
drawings, in which:- 

Figure 1 is a diagrammatic perspective view of a chamber 
assembly provided with an electrode system for use in accordance 

30 with the invention; 

Figure 2 is a diagrammatic representation of apparatus 
according to the invention, incorporating the chamber assembly 
shown in Figure 1; 

Figure 3 is a representation of the manner in which absorption 

35 of a light beam provided in the apparatus of Figure 2 varies with 
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time during and after a micro-organism or other particle 
collection period while the apparatus Is in use; and 

Figure 4 is a representation of collection-rate spectra of 
four different micro-organisms, as established by previous workers 

05 and available in the published prior art. 

The chamber assembly shown in Figure 1 and indicated generally 
by the reference 10 comprises a back plate 11 and a front plate 
12, both made of glass, and transparent, with a spacer sheet 13 
sandwiched between them. A central part of the spacer 13 is 

10 removed so as to form a thin chamber 14 (the thickness of the 
spacer 13, which may be about 0.05 mm but may be within a wide 
range, depending on the sizes of suspended particles which may be 
encountered) between the plates 11 and 12, and the plate 12 is 
provided with an inlet 15 and an outlet 16 open to the chamber 

15 14. The chamber 14 may be some 10 mm in height and 40 mm in 
length. The back plate 11 has upon It an electrode structure in 
the form of a metallic layer, for example of aluminium, deposited 
upon it to a thickness of, say, 1 micron and then etched to 
provide a pair of interdigitated electrodes 17 and 18 Integral 

20 with connection terminal tabs 19 and 20 respectively. Each 
electrode may be formed with eight parallel fingers each 0.06 mm 
In width and separated by 0.06 mm from each adjacent finger of the 
other electrode, and the central part of the length of each finger 
is exposed to the interior of the chamber 14 to be in close 

25 proximity to a fluid disposed therein, though a protective film of 
Insulating material may be provided to prevent actual contact 
between the fluid and the electrodes. The shape of the electrodes 
is such as to provide a spatially very non-uniform electrical 
field in their Immediate vicinity when a voltage is applied 

30 between them. The electrodes 17 and 18 are nearer to the inlet 15 
than to the ouflet' l6, leaving between "the electrodes and the 
outlet 16 a region 21 of the chamber 14 through which a beam of 
light (for example of 450 or 660 nm wavelength, or another 
wavelength more suitable for a particular material) indicated by j 

35 an arrow 22 may be arranged to shine without being obstructed by 
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the electrodes 17 and 18. 

The chamber assembly 10 shown In Figure 1 Is incorporated in 
apparatus according to the invention shown in Figure 2. This 
comprises a reservoir 23 of a liquid suspension 24 containing 

05 particles, say micro-organisms, which are to be Identified. A 
tube 25 connected to the inlet 15 of the chamber assembly 10 dips 
into the liquid suspension 24 in the reservoir 23, and the outlet 
16 of the chamber assembly is connected by a tube 26 to a pump 27. 
which may be a peristaltic pump, which draws suspension fluid 

10 through the chamber 14 and returns It to the reservoir 23 via a 
return tube 28, for example at a rate between 0.1 and 1.0 ml per 
minute. Air from an airline 29 bubbles through the suspension 24 
In the reservoir and serves both to agitate the suspension and to 
keep it aerated. Also extending Into the reservoir 23 is a pH 

15 probe 30 for monitoring the pH of the suspension 24 to enable it 
to be maintained at a desired constant level, since it Is found 
that the collection rate of micro-organisms by d1 electrophoresis 
at the electrodes 17 and 18 is dependent on the pH of the 
suspension. Preferably the whole apparatus is maintained at a 

20 desired constant temperature, since temperature variation also 
tends to affect collection rates. 

The apparatus also comprises a signal generator 31 producing 
an alternating voltage at selected frequency and amplitude which 
may be applied, by means of a switch 32, to an oscilloscope 33, 

25 which serves to monitor it, and to the electrodes 17 and 18 of the 
chamber assembly 10. Conveniently, the voltage applied to the 
electrodes has an amplitude selected In the range between 5 and 30 
volts, and frequencies which range from 10 Hz to 10 MHz or more. 
Also provided are a light source, preferably an LED light source 

30 40 energised by a power supply 41 as shown in Figure 1, arranged 
to project the' light beam 22 through the chamber 14, and a 
photometer shown as 42 in Figure 1 which measures the intensity of 
the beam 22 after It has passed through the chamber 14 and 
provides an Input for a chart recorder 43. 

35 In use of the apparatus, with the pump 27 continuously drawing 
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a flow of the suspension 24 through the chamber 14 and 
re-clrculating It to the reservoir 23. the switch 32 Is closed for 
a period of, say, 5 seconds to apply the voltage from the signal 
generator 31, at a predetermined amplitude and selected frequency, 

05 to the electrodes 17 and 18 and produce a spatially non-uniform 
alternating electric field In the suspension adjacent the 
electrodes, resulting In micro-organisms In the suspension being 
moved dielectrophoretlcally and collected on or adjacent the 
electrodes. Hhen the switch 32 Is opened, the collected 

10 micro-organisms are released and carried downstream by the 
continuing flow of the suspension liquid, to pass through the 
light beam 22 as a localised pulse of Increased concentration of 
micro-organisms in the suspension. 

The resulting form of an output signal from the photometer, 

15 recorded by the chart recorder 43 and representing the measured 
Intensity I of the light beam 22 as a function of time t, is 
indicated in Figure 3- In the absence of an applied voltage on 
the electrodes 17 and 18, a steady measured beam intensity I] is 
less than the value Iq which would represent the beam intensity 

20 before it passes through the chamber assembly 10. The difference 
Iq-1] represents the intensity loss during passage through the 
chamber assembly 10, due largely to absorption and/or scattering 
of light by micro-organisms suspended in the liquid flowing 
through the chamber 14. When an alternating voltage is applied to 

25 the electrodes 17 and 18 at time t^, the measured light intensity 
rises sharply to a value I2 as micro-organisms begin to be 
collected on or adjacent the electrodes and their concentration in 
the fluid downstream, as it passes through the light beam 22, is 
rapidly reduced. In the interval until time t2 when the applied 

30 voltage is switched off, the collection rate at the electrodes 
begins to fall off and the measured intensity of the light beam 
begins to fall as the micro-organism concentration downstream of 
the electrodes begins to rise correspondingly. Removal of the 
applied voltage at time t2 results in a sudden release from the 

35 electrodes of the collected micro-organisms which are carried 
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downstream as a highly localised pulse of increased micro-organism 
concentration in the flowing suspension, resulting in a sharp 
reduction In the beam intensity to a low value I3 as the pulse 
passes through the beam. At a slightly later time t3, the pulse 

05 has passed and the measured beam intensity has returned to Its 
steady value I^. The increase in absorption represented by the 
intensity difference l^-I^ Is (by a factor of perhaps 100) a much 
more sensitive measure of the quantity of micro-organism(s) 
collected in the interval from t^ to t2, and thus of the initial 

10 collection rate, than is the relatively small rise in intensity 
from to I2 which is the direct consequence of the collection 
rate . 

Once the pulse of increased-concentration suspension has 
passed through the light beam 22, it is rapidly dispersed as it is 

15 pumped back into the reservoir 23 and is there further agitated by 
air from the air line 24. Successive applications of alternating 
voltage to the electrodes 17 and 18 at different frequencies, 
preferably automatically, under the control of a computer 44 as 
shown schematically in Figure 2, can follow one another in quici; 

20 succession to establish the data which, stored by the computer, 
will define the collection-rate spectrum of the fluid under 
examination. Thus the time required to obtain a collection 
spectrum over a frequency range from 10 Hz to 1 MHz may be reduced 
from more than a day, by methods known hitherto, to 5 minutes or 

25 less. Comparison of the defining data of the spectrum thus 
obtained with corresponding data from known spectra of selected 
individual micro-organisms or other possibly relevant particles, 
to obtain an analysis of the particle content of the sample under 
examination, can also be rapidly effected using a suitable 

30 computer program, so that analyses of samples can be rapidly 
performed using the apparatus and method of the invention. 

Collection-rate spectra for four micro-organisms as known from 
previous work are shown in Figure 4, In which the curves 34, 35, 
36 and 37 respectively represent the collection-rate spectra of 

35 Staphvlococcus aureus . Pseudomonas fluorescens. £• £QM and 
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B. cereus > Rather than adopt such previous results uncritically 
as reference spectra, It may be preferable for use with a 
particular apparatus according to the Invention to build up a 
library of such reference spectra as obtained using that apparatus 

05 with the operating conditions established as they will be set 
during subsequent use of the apparatus. In general, however, the 
apparatus requires only a very low level of routine calibration, 
while nevertheless providing a markedly Increased sensitivity, 
greater selectivity for microbial and other particle types and 

10 much Improved speed and simplicity of operation as compared with 
previously available apparatus. 

As mentioned above, the electrodes 17 and 18 may be of 
aluminium, and formed by depositing a layer of the metal on the 
glass plate 11 and then etching to provide the required electrode 

15 pattern. Instead of aluminium, platinum or gold-plated chromium 
electrodes may be employed, produced either by an etching 
technique or by a "lift-off" technique in which a pattern mask is 
formed on the substrate, using a suitable material such as a 
photoresist material, before a metal layer is deposited and 

20 unwanted regions of deposited metal are then removed by removing 
the pattern mask so as to leave the metal only where it was 
deposited directly on the substrate. 
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CLAIMS 

1. Apparatus for establishing dielectrophoretic collection rates 
for particles In a fluid suspension, comprising a chamber for the 
suspension fluid, an electrode system disposed to influence such 

05 fluid within the chamber, means for applying an alternating 
voltage between electrodes of the electrode structure and thereby 
establishing in such fluid a spatially non-uniform alternating 
electric field thereby to induce dielectrophoretic collection 
adjacent such electrodes of electrically polarisable particles 

10 suspended in the fluid, and means for measuring particle 
concentration at a location within the chamber, wherein the 
chamber is provided with an inlet and an outlet so disposed that 
fluid flowing through the chamber from the inlet to the outlet 
flows past the electrode structure and then through the said 

15 location, and with means arranged to produce such fluid flow 
through the chamber. 

2. Apparatus as claimed in Claim 1, wherein the means arranged to 
produce fluid flow through the chamber is fluid circulating means 
arranged to re-circulate fluid from the outlet to the inlet of the 

20 chamber. 

3. Apparatus as claimed in Claim 1 or Claim 2. wherein the means 
for measuring particle concentration comprises a light source 
arranged to project a beam of light through the chamber at the 
said location, downstream of the electrode structure, and light 

25 detector means sensitive to the intensity of the light beam after 
transmission through the chamber and thus to the increased or 
decreased absorption of scattering of the light beam which 
indicates an increase or decrease in the concentration of 
particles suspended in the fluid traversed by the light beam at 

30 the said location. 

4. Apparatus for establishing dielectrophoretic collection rates 
for particles in a fluid suspension, substantially as described 
herein with reference to the accompanying drawings. 
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5. A method of establishing dielectrophoretic collection rates 
for dielectrlcally polarlsable particles In a fluid suspension, 
comprising: causing the suspension fluid to flow past an 
electrode structure, energising the electrode structure for a 

05 predetermined time interval with an alternating voltage at a 
preselected frequency and thereby establishing In the flowing 
fluid a spatially non-uniform alternating electrical field and 
Inducing dielectrophoretic collection, adjacent the electrode 
structure, of dielectrlcally polarlsable particles suspended in 

10 the fluid, thereafter terminating the energisation of the 
electrode structure and thereby releasing the particles collected 
adjacent thereto, and measuring the pulse of Increased particle 
concentration at a location downstream of the electrode structure 
which occurs as the released particles are carried through such 

15 location by the flowing fluid. 

6. A method of establishing a dielectrophoretic collection-rate 
spectrum for particles in a fluid suspension, comprising carrying 
out the method of Claim 5 repeatedly, using different frequencies 
for the applied alternating voltage during successive 

20 electrode-structure energisation Intervals, thereby to produce the 
data required for establishing efther the whole or critical ranges 
of the collection-rate spectrum of the suspension. 

7. A method of identifying dfelectrically polarlsable particles 
contained In a fluid suspension, comprising establishing 

25 dielectrophoretic collection-rate spectrum data therefor by the 
method claimed In Claim 6 and correlating the data thus acquired 
with corresponding known data relating to the collection-rate 
spectra of particular Identified particles, thereby to establish 
the relative and/or absolute concentrations of such identified 

30 particles required to be present in the suspension under 
examination in order that it should yield the collection-rate data 
which have been acquired. 

8. A method as claimed in any one of Claims 5, 6 and 7, carried 
out by means of apparatus as claimed in any of Claims 1 to 4. 
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Sensor 

The present invention relates to a sensor, a method of 
detecting and a process for preparing a sensor. 

According to one aspect of the present Invention there is 
provided a sensor for detecting a substance which sensor Includes a 
biological component, in which electron transport may be Influenced by 
presence of substance to be detected, and optical means for deterting 
a parameter related to electron transport in the biological component 

or a part thereof. 

According to another aspect of the present Invention there is 
provided a method for detecting a substance which method includes the 
steps of subjecting a biological component, in which electron 
transport may be Influenced by presence of a substance to be detected, 
to the influence of the substance and detecting by optical means, 
which means includes an emitter and a detector, a parameter related to 
electron transport In the biological component or part thereof. 

The biological component m^y be, for example, any suitable 
-biological component capable of providing an electron transport chain. 

One type of electron transport chain, namely a photosynthetic 
electron transport chain, is mentioned in the publication "Biosensors". 
4 (1989) pages 299-311 (Elsevier Science Publishers Limited, England); 
the present Invention may utilise such a chain but, as hereinafter 
disclosed. Is not limited to photosynthetically driven electron 
transport chains. 
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It win be appreciated that an electron transport chain may 
also be referred to as an electron transfer chain. 

The biological component may be, for example, a membrane 
within a cell (e.g. a thylakoid membrane) or part of the cell membrane 
of a cell; where, for example, the biological component is provided 
by using a whole cell, any suitable cell may be used to provide a 
biological component comprising, for example, a membrane having an 
electron transport chain. 

Examples of types of cell which may be used as or to provide 
a biological component are bacteria (e.g. a cyanobacteria 
microorganism such as Synechococcus), algae (e.g. green algae), yeasts 

and plant cells. 

It is to be understood that, for example, any suitable 
biological component capable of providing an electron transport chain 
may be utilised In accordance with the present invention. Thus, for 
example, a photosynthetically driven system may be used (i.e. a system 
having a photosynthetically driven electron transport chain may be 
used). 

However, the invention 1s not limited to the use of such 
systems nor to systems which utilise electrons obtained from the 
splitting of water. 

Thus, for example, if desired, other systems such as those 
driven by other energy sources may be used (e.g. a biological 
conponent or system may be used in which the catalysis of organic 
molecules such as carbohydrates (e.g. glucose) provides electrons to 
be transported along the electron transport chain). By w^y of 
further example, a mitochondrial electron transport chain naif be 
utilised. 

It is also to be understood that, in accordance with the 
present Invention, the biological component may comprise, for example, 
a single component of an electron transport chain (e.g. a protein 
molecule) rather than a complete electron transport chain; where a 
single component of an electron transport chain Is used such a 
component ma^y be, for example, imnobilised. Aryr suitable 
imnoblllsation technique may be used (e.g. adsorption, covalent • 
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attachment, micro-encapsulation or physical entrapment). 

The substance to be detected may be, for example, any 
substance which Is capable of Influencing electron transport In the 
biological component such as to permit a parameter related to electron 
transport In the biological component or part thereof to be detected 

by optical means. 

Thus, for example, where the sensor Is to be used to Indicate 
the potability of water, the substance may be a toxic substance or a 
pollutant such as one of those appearing at page 1 of United Kingdom 
Patent Application No. 2189605A. However, it will be appreciated 
that the present invention is not limited to detecting toxic 
substances or pollutants; thus, the invention may be utilised In the 
detection of. for example, other substances the presence of which it 
is desired to detect (e.g. chemical species which may not necessarily 
be regarded as a toxic substance or a pollutant). 

The term "substance", meaning the substance to be detected, 
in this specification, embraces a substance as such or a precursor 
therefor. 

It will be understood that the substance to be detected may 
Influence electron transport in an electron transport chain by, for 
example. Interfering with electron transport in the electron transport 
chain such as to prevent electron transport within the chain. 

Also, it Is to be understood that the substance to be 
detected may Influence electron transport in an electron transport 
chain by, for exanple. Interfering with a mechanism by which electrons 
ape made available for transport along the chain. 

Thus, for example, where an enzymatic reaction Is used to 
produce electrons for subsequent transport along the electron 
transport chain, any substance which Interferes with the enzymatic 
reaction such as to affect the availability of electrons for 
subsequent transport along the chain may be detected by detecting by 
optical means a parameter related to electron transport along the 
electron transport chain (e.g. electron flux in the electron transport 
chain may be utilised to detect presence of a substance which 
interferes with the en?ynat1c reaction). 
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Further, It Is to be understood that electron transport In 
the electron transport chain my be monitored for example by detecting 
the presence or absence of an electron in the biological component or 
part thereof, or by detecting the frequency of presence or absence of 
an electron In the biological component or part thereof; this 
monitoring may be considered to be monitoring the state of electronic 
transport In the electron transport chain. 

Thus, for example, where the electron transport chain 
Includes a collection of protein molecules which chain at one end 
gives rise to a change In mediator oxidation/reduction state (e.g. 
NADPH oxidation/reduction state) due to electron transport through the 
chain following a suitable event at the other end of the chain (e.g. 
following the splitting of water or other suitable mechanism giving 
rise to an electron for transport through an electron transport 
chain), any substance which Inhibits transport of electrons In the 
chain win affect the state of electron transport In the chain and 
therefore will affect the oxidation/reduction state of the mediator. 

It has previously been proposed In the art to use an 
artificial mediator In conjunction with a whole cell as a basis for a 
sensing device; reference may be made In this context to the pages of 
the publication "Biosensors* 4 (1989) hereinbefore mentioned. 

In such a sensing device a natural mediator (e.g. NADPH) Is 
replaced by an artificial mediator (e.g. potassium ferrlcyanlde) which 
can be oxidised at an electrode to give an electrical signal. It 
will be understood that any substance which Inhibits electron 
transport In the electron transport chain may result in a reduction In 
the amount of artificial mediator available In a suitable state for 
oxidation at the electrode with a resulting reduction In electrical 
signal. 

However, a sensor device such as that to which reference was 
made Immediately hereinbefore may suffer from one or more 
disadvantages such as the following: 

(a) continuous addition of an artificial mediator may 

be required; 

(b) since the artificial mediator tends to starve a cell 

of energy, continuous exposure of the cell to 
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artlflclal mediator tends to limit sensor lifetime, 
thus necessitating replacement after a relatively 
short time; 

(c) transport of electrons from the cell to the electrode 
Is generally the rate determining step; 

(d) the sensing device may be relatively non-specific 

since anything which interferes with the electron 
transport chain may give rise to a reduction in 
electrical signal generation at the electrode. 
By way of further explanation in relation to (d) of the 
imnedlately preceding paragraph it may be noted that electron 
transport may be inhibited at any one of a number of points on the 
chain depending upon the substance present to cause interference. 
Thus, for example, where an electron transport chain comprises a 
collection of protein molecules, such as those present In the cell 
membrane of a cell such as a cyanobacteria, electron transport between 
any two molecules in the chain may, in principle, be interrupted. 
Thus, although one substance may serve to inhibit electron transport 
at, say, one point "up stream" of the chain access point for 
benzoquinone (thus influencing mediator production) another 
substance may Inhibit electron transport at another point in the 
chain such as to influence the oxidation/reduction state of the 
mediator. 

Accordingly, the sensing device of the prior art may detect 
the presence of interfering substances without the ability to 
distinguish between said substances. 

The sensor of the present invention may be used substantially 
to avoid or overcome one or more of the disadvantages hereinbefore 

disclosed., 

Thus, In accordance with the present invention no artificial 
mediator as hereinbefore mentioned Is required since it Is a parameter 
related to electron transport In the biological component or part 
thereof which Is utilised. 

Furthermore, the optical means for detecting the parameter of 
the biological conponent and/or the biological component may be 
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chosen, for example, such that the parameter Is characteristic of the 
biological component or part thereof so as to offer the possibility of 
greater specificity 1n the detection of substances. 

Thus, for example, In one embodiment of the present 
Invention, the parameter to be detected me^ be an absorption spectrum, 
or part thereof, of the biological species or part thereof. 

The absorption spectrum may be, for example, in the 
vlsible/u.v. wavelength regions. However, the present invention is 
not limited to such wavelength regions and thus as used in the 
Specification "optical means" is not limited to any particular 
wavelength. 

Furthermore, the optical means Is not, by way of further 
example, limited to those for detecting absorption spectra since any 
suitable optical means for detecting a parameter related to electron 
transport in the biological component, or part thereof, may be used in 
accordance with the present invention. 

Thus, by w^ of further example, an entity may be Included in 
the sensor which entity is capable of emitting energy upon receiving 
an electron from the biological component or part thereof thereby to 
enable emission from the entity to be detected by optical means to 
Indicate the presence or absence of a substance to be detected; such 
an entity may be, for example, a fluorophore the light emission of 
which may be triggered by electron acceptance. 

It will be appreciated that the presence of a substance to be 
detected may influence electron transport in the biological component 
or part thereof (e.g. a conponent or components of an electron 
transport chain) such as to give rise to an electron or electrons for 
reception by the entity. 

Thus, for example, a substance to be detected may inhibit 
electron transport along an electron transport chain such that an 
electron becomes 6r~ electrons become available to interact with the 
entity at an Intermediate position along the electron transport chain. 

By We^y of example, the entity may be substantially non-toxic 
with respect to the biological component or part thereof. 

By way of further example, an entity may be Included in the 
sensor which entity comprises a fluorescent redox-active species 
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species may be Incorporated Into an Imraobillsed microorganism l^er 
said layer providing the biological component or part thereof In vfhich 
electron transport taay be Influenced by the presence of the substance 
to be detected. 

Such Incorporation may be achieved, for example, by 
non-specific doping Into a growth medium or by specific covalent 
attachment (e.g. to a cellular or electron transport component). 

The choice of fluorescent redox-actlve species msf be used, 
for example, to select the substance which may be detected; thus, for 
exanple, points on the biological component or part thereof (e.g. 
points on an electron transport chain) which cannot Interact with 
species due to energetic (redox) reasons or steric reasons (e.g. the 
Inability to form an effective charge-transfer complex) will not lead 
to a change in the oxidation state of the species. 

Thus, the present Invention further provides a method for 
detecting a substance which method Includes the steps of subjecting a 
biological component. In which biological component or part thereof 
electron transport may be influenced by the presence of a substance, 
to the Influence of the substance, said biological component being In 
conmunlcation with a fluorescent redox-actlve species capable of 
accepting an electron from the biological component or part thereof 
and said species being capable of exhibiting fluorescence In one of 
its redox states, and observing the fluorescence characteristics of 

the said species. 

By way of further example, the present Invention provides a 
sensor which Includes a biological component which biological 
coin)onent or part thereof is such that It is capable of giving rise to 
fluorescence (e.g. by emission and/or excitation) the fluorescence 
transient characteristics of which may be affected by the presence of 
a substance which Influences electron transport in the biological 
component or part thereof, and means for detecting the fluorescence 
transient characteristics. 

It will be understood, therefore, that detecting by optical 
means a parameter related to electron transport in a biological 
conponent or part thereof, embraces detecting by measurement and/or 
observation of kinetic or transient chacteri sties of an optical 
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phenomenon (e.g. fluorescence kinetics, or kinetic or transient 
responses of an optical phenomenon); the kinetic or transient 
characteristics may be, for example, those of any suitable biological 
component or part thereof (e.g. an electron transport chain or a 
specific component of an electron transport- chain). 

The biological component may be, for example, imroobilised. 
Any suitable ininobllisation technique m^y be used (e.g. adsorption, 
covalent attachment, micro-encapsulation or physical entrapment). 

The application of photo-energy to a suitable biological 
component (e.g. inumination by light of a suitable wavelength) m^ 
produce, for example, fluorescence which has two distinct fluorescence 
components namely an Immediate fast fluorescence transient component 
and a subsequent slow ("delayed") fluorescence transient component. 

The presence of a substance which affects electron transport . 
in the biological component, or part thereof, such as to Influence 
either or both of these fluorescence components may be detected by 
observing the fast transient component and/or the slow transient 
component. 

For example, where a biological component or part thereof is 
such that electron transport therein Involves the transport of 
electrons into a photosystem II function, the presence of a substance 
which inhibits such electron transport nay affect the fluorescence 
transient coinponents and thus be detected (e.g. the substance mqy 
cause an increase in the fast fluorescence transient component and 
substantially reduce or abolish the slow fluorescence transient 
component). 

Examples of biological components which m^y have the ability 
to exhibit fast and slow fluorescence transient components, which 
components my be Influenced by the presence of a substance to be 
detected, are algae, photosynthetic bacteria and chloroplasts, which 
contain photosynthetic reaction ceh^^^ having photopigment complexes. 

For example, phycobi 11 proteins possess fluorescence bands In 
the range 580-680nm and various forms of chlorophyll fluoresce in the 
680-750nm region. Selection of a suitable excitation wavelength ra^ 
enable, for example, measurement of fluorescence emissions due to 
chlorophyll only (e.g. the Chi a band at 685nm), 
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A sensor In accordance with the present Invention therefore 
may, for exanple. Include an Immobilised layer of a photosynthetic 
bacterium or alga In communication with an optical transduction 
system. 

The optical transduction system may Include for example, a 
means for effecting the controlled excitation of fluorescence In the 
bacterium or alga and/or means for detection and/or measurement of 
energy emitted in response. 

In accordance with an embodiment of the present Invention the 
fast fluorescence transient component may be observed at a 
predetermined time or times so as to permit the presence or absence of 
a substance to be detected; the fast fluorescence transient component 
may, for example, be observed at a predetermined time or times prior 
to fluorescence saturation. 

In one example of a sensor In accordance with the present 
Invention photosynthetic bacterial cells or alga cells may be 
maintained in a substantially dark environment and be subjected to 
pulses of light of a selected wavelength (e.g. 600nm) and selected 
duration (e.g. 1 minute Illumination followed a 1 minute period of 
darkness) and the Intensity of fluorescence may be measured at a 
predetermined time Interval (e.g. 0.5 sec.) after the onset of 
Illumination In each pulse. 

It will be appreciated that the presence of a substance (e.g. 
a photosystem II Inhibitor) which influences electron transport In the 
cells or part thereof may be detected by conparlng the characteristics 
of fluorescence transient components with the characteristics of 
fluorescence transient components in the absence of the substance. 

It will also be appreciated that, by wa(y of example, the 
pulses of light may serve the dual purposes of maintaining cell 
viability by stimulating photosynthetic energy generation and inducing 
detectable fluorescence (e.g. In the 685nm band). ~ 

In one embodiment of the first aspect of the present 
invention hereinbefore disclosed there is provided a sensor for 
detecting a substance which sensor comprises a biological component 
and optical means for detecting a parameter related to electron 
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transport In the biological component or part thereof wherein the 
optical means for detecting a parameter related to electron transport 
In the biological conponent or part thereof Includes an emitter and a 
detector. 

The emitter may be any suitable emitter means, examples of 
which are a laser, a light emitting diode and an optical fibre. 

The detector may be m suitable detector means such as a 
photo-detector, for example. 

The emitter and detector may be, for example, operated in 
accordance with suitable known techniques using suitable known 
apparatus as required. 

In another embodiment of the present invention there is 
provided a sensor for detecting a substance which sensor comprises a 
layer of cells, capable of providing a biological component, 
sandwiched between an optical emitter and an optical detector. 

Where, by vay of example, an emitter and a detector are used 
in accordance with the present invention the emitter and detector 
be arranged, for example, to co-operate so that together they form an 
optical means which may be specific to one wavelength or to a number 
of wavelengths* 

Thus, for example, an optical means comprising an emitter and 
a detector ii«y be arranged to be specific to one wavelength or to a 
number of wavelengths by using an emitter capable of specific emission 
and/or using a detector capable of specific detection and/or by using 
filters interposed in an optical path between an emitter and a 
detector. 

It has hereinbefore been disclosed that electron transport in 
the electron transport chain may be monitored for example by 
detecting the presence or absence of an electron In the biological 
--ComponeM* or part thereof . 

Thus, for exanvle. 1^ an absorption spectrum, or a part 
thereof, Is used as a parameter to be detected, It will be understood 
that the spectrum or part thereof m differ depending upon whether, 
or not, electrons are passing along an electron transport chain. 
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Accordlngly, by observing an absorption spectrum or part 
thereof the presence or absence of a substance capable of Influencing 
electron transport In an electron transport chain may be detected. 

Thus, by way of further example, the present Invention 
further provides a method for detecting a substance, which method 
includes the step of subjecting a biological conponent. In which 
electron transport may be Influenced by presence of a substance, to 
the Influence of the substance, applying electro-magnetic energy, such 
as photo-energy, to the biological component and observing an 
absorption spectrum, or part thereof, of the biological component or 
part thereof. 

It Is to be understood that, by vsy of example. It may be 
possible to arrange for the presence of a substance to be detected to 
give rise to a reduction In observed Intensity In an absorption 
spectrum or part thereof (e.g. by choosing to observe at a selected 
wavelength or wavelength region). However, It Is further to be 
understood that It Is possible alternatively, by way of example, to 
arrange for presence of the substance to give rise to an Increase in 
observed Intensity In an absorption spectrum or a part thereof (eng. 
bif choosing to observe at a selected wavelength or wavelength region); 
it Is to be understood further that this Increase In observed 
intensity may be achieved, for exanq)1e, by choosing a wavelength or a 
wavelength region In which a peak occurs when the biological conponent 
or part thereof Is In a state of electron transport activity which Is 
reduced compared with normal. The term "normal" in the immediately 
preceding sentence means the situation which obtains when substance to 
be detected Is not present and electron transport occurs as is usual 
for a given electron transport chain. 

Where photo-energy (e.g. white light) Is applied to a 
biological component In order to enable an absorption spectrum to be 
produced, and- also where the biological conponent has a photosynthetic 
electron transport chain. It may be possible. If desired, to utilise 
the photo-energy both to produce the absorption spectrum and to 
"drive" the photosynthetic electron transfer chain. 
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In accordance with a further embodiment of the present 
Invention a sensor may Include a support material for the biological 
component. 

Optionally, an emitter and/or a detector may be carried by a 

support material* 

The support material may, for example, be a silicon wafer. 

By weiy of further example, a support material may be 
subjected to ralcromachlning to provide thereon or therein a region or 
area for acconmodatlng a biological component. 

It win be understood that ralcromachlning may be carried out 
In ar\y suitable manner such as those known for constructing structures 
on a small (e.g. micron) scale (e.g. photolithography). 

Thus, in a further embodiment a support material may be 
constructed so as to be suitable for accommodating a whole cell or a 
plurality of whole cells. 

For example, a suitable support material (e.g. a silicon 
wafer) may be provided with a groove into which a plurality of 
substantially rectangular microorganism cells may fit "end-to-end"; 
by providing an emitter at one end of the groove and a detector at the 
other end of the groove, energy passing through a plurality of cells 
(and hence encountering a plurality of electron transfer chains) may 
be monitored to enable the presence or absence of a substance to be 
detected. 

By way of exanple, more than one groove with cells may be 
used; one of a plurality of grooves with cells may, optionally, be 
used to produce a reference signal. 

According to a further aspect of the present invention there 
is provided a process for the preparation of a sensor, the sensor 
including a biological component, in which electron transport may be 
..influenced by the.presence of _a.suj)st^^^^ and optical_ 

means for detecting a parameter related to electron transport in the 
biological conponent or part thereof, which process includes the step 
of depositing a biological component on a support material. 

Optionally, a biological component may be deposited on a 
support material and Immobilised thereon. 
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Inmobnisatlon may be carried out in any suitable manner, one 
example of which Is growing of biological component Into a defined 
region of a support material. 

The present invention also provides a method for the 
detection of a substance which method Includes using a sensor In 
accordance with the present Invention. 

It Is to be understood that the terra "parameter" as used In 
this Specification Includes any property related to electron transport 
in a biological component or part thereof, which property Is 
detectable by optical means. 
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CLAIMS 

1. A sensor for detecting a substance which sensor includes a 
biological component, in which electron transport may be influenced 
by presence of substance to be detected, and optical means for 
detecting a parameter related to electron transport in the biological 
conqponent or a part thereof. 

2. A sensor as claimed in Claim 1 wherein the optical means 
includes an emitter and a detector. 

3. A sensor as claimed in Claim 2 wherein the emitter is a 
laser, a light emitting diode or an optical fibre. 

4. A sensor as claimed in Claim 2 wherein the detector is a 
photo-detector. 

5. A sensor as claimed in any one of Claims 2, 3 or 4 wherein 
the sensor conprises a layer of cells, capable of providing a 
biological component, sandwiched between an optical emitter and an 
optical detector. 

6. A sensor as claimed in any one of Claims 2, 3, 4 or 5 
wherein the emitter and detector are arranged to co-operate so that 
together they form an optical means which may be specific to one 
wavelength or to a nund)er of wavelengths. 

7^ A sensor as claimed in any one of Claims 1, 2, 3, 4, 5 or 

6 wherein the sensor includes a support material for the biological 
component. 

8i A sensor as claimed in Claiin 7 wherein the support 

material is a silicon wafer. 

9. A sensor as claimed in Claim 7 or Claim 8 wherein the 
support material is subjected to micromachining to provide thereon or 
therein a region or area for acconmodatlng a biological component. 

10. A sensor as claimed In any one of Claims 7, 8 or 9 wherein 
the support material. Is constructed so as to be suitable for 
acconmodatlng a whole cell or a plurality of whole cells. 

11. A sensor as claimed In any one of Claims 7, 8, 9 or 10 
wherein a groove Is supplied by the support material to accommodate a 
cell or a plurality of cells. 
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12. A sensor as claimed in any one Claims 1 to 11 wherein the 
biological component provides an electron transport chain comprising 
a photosynthetic electron transport chain or a mitochondrial electron 
transport chain. 

13. A sensor as claimed In any one of claims 1,2,3,4,6 or 7 
wherein the biological component comprises a single component of an 
electron transport chain. 

14. A sensor as claimed In Claim 13 wherein the single 
component is inniobllised. 

15. A sensor as claimed in any one of Claims 1 to 14 wherein 
the sensor Includes an entity which is capable of emitting energy 
upon receiving an electron from the biological component or part 
thereof thereby to enable emission from the entity to be detected by 
optical means to indicate the presence or absence of a substance to 
be detected. 

16. A sensor as claimed in Claim 15 wherein the entity 
comprises a fluorescent redox-active species which is capable of 
accepting an electron from the biological component or part thereof 
and capable of exhibiting fluorescence in one of its redox states. 

17. A sensor as claimed in any one of Claims 1 to 14 wherein 
the sensor Includes a biological component which biological component 
or part thereof is such that it is capable of giving rise to 
fluorescence the fluorescence transient characteristics of which may 
be affected by the presence of a substance which influences electron 
transport in the biological component or part thereof, and means for 
defecting the fluorescence transient characteristics. 

18. A method for detecting a substance, which method includes 
the steps of subjecting a biological component. In which electron 
transport may be influenced by presence of a substance to be 
detected, to the Influence of the substance and detecting by optical 
means, which means Includes an emitter and a detector, a parameter 
related to electron transport in the biological component or part 
thereof. 
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19. A method as claimed In Claim 18 wherein the biological 
component Is a membrane within a cell. 

20. A method as claimed In Claim 18 wherein the biological 
component Is part of a cell membrane. 

21. A method as claimed In any one of Claims 18, 19 or 20 
wherein the biological component is provided by a whole cell. 

22. A method as claimed In Claim 21 wherein the cell is a 
bacterium, an alga, a yeast or a plant cell, 

23. A method as claimed In any one of Claims 18, 19, 20, 21 or 
22 wherein the biological component provides an electron transport 
chain which comprises a phot ©synthetic electron transport chain or a 
mitochondrial electron transport chain. 

24. A method as claimed In any one of Claims 18, 19, 20, 21 or 
22 wherein the biological component provides an electron transport 
chain which derives electrons from catalysis of organic molecules. 

25. A method as claimed In Claim 18 wherein the biological 
component comprises a single component of an electron transport 
chain. 

26. A method as claimed In Claim 25 wherein the single 
con9)onent Is Immobilised. 

27. A method as claimed in any one of Claims 18 to 26, 
wherein the substance to be detected Is a toxic substance or a 
pollutant. 

28. A method as claimed In any one of Claims 18 to 27, wherein 
the parameter Is an absorption spectrum or a part thereof. 

29. A method as claimed In any one of Claims 18 to 27, wherein 
an entity is used which entity is capable of emitting energy upon 
receiving an electron from the biological component or part thereof 
thereby to enable emission from the entity to be detected by optical 
means to Indicate the presence or absence of a substance to be 
detected. 

30. A method as claimed In Claim 29 wherein the entity 
comprises a fluorescent redox-actlve species which is capable of 
accepting an electron from the biological component or part thereof 
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and capable of exhibiting fluorescence In one of its redox states. 

31. A method as claimed In any one of Claims 18 to 27 wherein 
the biological component or part thereof Is such that It Is capable 
of giving rise to fluorescence the fluorescence transient 
characteristics of which may be affected by t*e presence of a 
substance which Influences electron transport In the biological 
component or part thereof and fluorescence transient characteristics 
are detected. 

32. A method as claimed In Claim 28 which Includes the step of 
subjecting a biological component in which electron transport may be 
influenced by presence of a substance to the influence of the 
substance, applying electro-magnetic energy to the biological 
component and observing an absorption spectrum, or part thereof, of 
the biological component or part thereof. . 

33. A method as claimed in any one of Claims 18 to 27 wherein 
photo energy is applied to a biological component or part thereof 
such that fluorescence Is produced which fluorescence has two 
distinct fluorescence components comprising a fast transient 
component and a slow transient component. 

34. A method as claimed in Claim 33 wherein the biological 
component comprises algae or photosynthetic bacteria, or 
chloroplasts, which contain photosynthetic reaction centres having 
photopigment complexes. 

35. A process for the preparation of a sensor, the sensor 
Including a biological component, in which electron transport m be 
influenced by the presence of a substance to be detected, and optical 
means for detecting a parameter related to electron transport in the 
biological component or part thereof, which process Includes the step 
of depositing a biological component on a support material. 

36. A process as claimed in Claim 35 wherein the biological 
conponent 1 s deposited and 1 ninobl 11 sed on the support materl al . 

37. A process as claimed in Claim 36 wherein immobilisation is 
effected by growing of biological component into a defined region of 
the support material. 
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38. A method for the detection of a substance which method 

Includes using a sensor as claimed in Claim 1. 
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SYSTEM AND METHODS FOR CELL SELECTION 



5 The present invention relates to equipment and methods for cell 

selection and, more particularly, to equipment and methods for trap- 
ping individual cells at known locations. More generally, the in- 
vention relates to equipment and methods for studying, examining, or 
manipulating large groups of living cells, e.g., 10,000 or more indi- 

10 vidua! cells, on a cell-by-cell basis. 

In Swiss patent application Serial No. 2897/82-3, filed May 10, 
1982, the relevant portions of which are incorporated herein by ref- 
erence, we described equipment and methods for studying living cells 
on a cell-by-cell basis. 

15 Briefly, our Swiss application described a process for placing 

individual living cells at identifiable locations comprising the 
steps of: 

(a) providing a carrier having a plurality of apertures, the 
apertures being arranged in an ordered array and being 

20 sized to hold individual cells; 

(b) applying a fluid containing living cells to the carrier; 
and 

(c) applying a force to the cells to move the cells into the 
apertures. 

25 Once in their individual apertures, the cells are studied, ex- 

amined, and manipulated; on a one-by-one basis. For example, the 
cells in the carrier apertures can be subjected to biological tests 
and particular properties of individual cells can be measured. As 
described in detail in our Swiss application, a particularly impor- 

30 tant application of this analysis approach involves using it to per- 
form the Cercek SCM (Structuredness of Cytoplastic Matrix) test for 
diagnosing cancer. See, for example, L. Cercek et al, Biophys. J., 
July 1978, Vol. 23, No. 1. p. 395 ff. 

The present invention relates to new equipment and methods for 

35 practicing and using the methods and equipment described in our prior 
Swiss patent application. In particular, the objects of the present 
invention include providing improved methods and equipment for 
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loading cells onto a carrier and preventing them from leaving a car- 
rier; improved methods and equipment for exchanging the bathing fluid 
surrounding cells captured in the apertures of a carrier; improved 
methods and equipment for selecting and removing particular cells 
5 from a carrier; improved methods and equipment for washing excess 
cells from a carrier; and improved carriers and methods for con- 
structing such carriers • 

To achieve the foregoing and other objects, the invention in 
accordance with certain of its aspects provides equipment and methods 

10 for placing Individual living cells at identifiable locations on a 
cell carrier wherein electromagnetic fields are used for loading the 
cells onto the carrier. In certain embodiments of these aspects of 
the invention, crossed electric and magnetic fields are used for 

' loading, while in other embodiments, an electric field normal to the 

15 surface of the carrier is used. 

In accordance with other aspects of the invention, a time vary- 
ing magnetic field is used to enhance the rate at which bathing fluid 
surrounding cells captured in the apertures of a carrier is ex- 
changed. In addition to enhancing the rate of fluid exchange, such a 

20 time varying magnetic field also has a massaging effect on the cells 
captured in the apertures. 

In accordance with additional aspects of the invention, cells 
are held in the apertures of a carrier by adjusting the osmolarity of 
the bathing solution surrounding the cells so as to cause the cells 

25 to swell. 

In accordance with further aspects of the invention, 
electromagnetic fields are used to select and remove particular cells 
from a cell carrier. In certain embodiments of these aspects of the 
invention, a time varying electric field and a constant magnetic 

30 field is used to select and remove cells having a particular charge 
to mass ratio. In other embodiments, a charged probe is used to re- 
move individual cells from the carrier. 

In accordance with additional aspects of the invention, equip- 
ment and methods are provided for washing excess cells from the sur- 

35 face of a cell carrier wherein a pressure differential is applied 
across the cell carrier during the washing process. In certain pre- 
ferred embodiments of these aspects of the invention, the carrier is 
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washed by supplying fluid to its top surface through an inflow tube 
and removing it through a drain tube. 

In accordance with still further aspects of the invention, im- 
proved cell carriers and methods for producing such carriers are 
5 provided. In particular, the invention provides coated cell carriers 
and cell carriers having apertures which include at least one verti- 
cal wall. The latter carriers are conveniently prepared using an ion 

bombardment process. 

Further objects and features of the present invention will be- 
10 come more fully apparent from the following description of several 
embodiments of the invention based on the accompanying drawings, 
wherein: 

Figs. lA-lE are schematic illustrations, partly in sectional 
view, of preferred cell carriers of the Invention. 
15 Pigs. 2-4 are scanning electron micrographs of copper carriers 

for use with the present invention. 

Fig. 5 is a scanning electron micrograph showing a copper carri- 
er coated with silicon. 

Fig. 6 is a scanning electron micrograph showing a copper carri- 
20 er having square-shaped apertures which are sized to hold and retain 
lymphocytes having a cross-sectional size of approximately 7 urn. 

Fig. 7 shows a typical experimental arrangement suitable for 
loading cells into carriers of the types shown in Figs. 2-4. 

Fig. 8 is a scanning electron micrograph showing a carrier 

25 filled with lymphocytes. 

Figs. 9-10 are scanning electron micrographs showing individual 
cells in individual apertures of a carrier. 

Fig. 11 is a scanning electron micrograph showing the surface of 
the carrier prior to washing. 
30 Fig. 12 shows the use of an electric field to drive cells into 

the apertures of a carrier. 

Fig. 13 shows the use of crossed electric and magnet fields to 
drive cells into the apertures of a carrier. 

Figs. 14-15 show the use of a time varying magnetic field to 
35 enhance fluid exchange about cells captured in a carrier. 
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Fig. 16 shows the use of a time varying E field crossed with a 
constant B field to select a sub-population of cells captured in a 
carrier based on their charge to mass ratio. 

As indicated above, the present invention relates to improved 
5 equipment and methods for studying, examining or manipulating living 
cells on a one-by-one basis wherein individual living cells are 



placed at identifiable locations on a cell carrier. 

The cell carrier has an array of cell receiving holes, where for 
each hole, the location in the array, or address, is fixed and known. 

10 The holes extend from the carrier top side to a spaced apart bottom 
side. The holes have preselected configurations so that when a batch 
of cells passes over the carrier top side only preselected cells, 
based on their particular size, enter and become supported in the 
holes. Cells of sizes smaller than those of the selected cells pass 

15 through the holes, while much larger cells cannot enter the holes. 
Once the carrier is rinsed, only selected cells are located in its 
holes, one cell per hole at a fixed address. 

Various cell carrier configurations are shown in Figs. lA-lE. 
Carrier 1 includes base 3 in which are formed apertures or holes 2. 

20 The apertures or holes, as well as their arrangement, may have vari- 
ous configurations. In Fig. lA, the holes are arranged in rows and 
columns along axes X and Y, respectively. As shown in Fig. IB, the 
holes have larger openings at their tops than at their bottoms. The 
side walls of the apertures may converge continuously towards the 

25 opening at the bottom side lb of the cell carrier, or in steps, as 
shoxm in Fig. IC. Also, as shown in Fig. ID, not all sides of the 
aperture need slope inwardly. Rather, a portion of the walls of the 
aperture can be essentially vertical so as to help capture and retain 
the cells in the apertures, especially when the cells are introduced 

30 into the carrier by being flowed across the top of the carrier in a 
direction substantially perpendicular to the apertures', vertical 



held to the carrier by applying means, such as a pressure difference 
35 between the upper and the bottom side of the carrier, or 
electromagnetic forces. Briefly, to first separate a particular 
group of cells from cells of other groups, since the cells in each 



walls • 



The shape of apertures 2 enables the cells to be effectively 
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group are of known size or sizes, which typically differ from those 
in other groups, the carrier 1 is chosen to have holes of sizes so 
that when the matter, e.g., blood, containing the various cell groups 
is placed on the carrier 1, effectively most if not all of the holes 
are occupied by cells of the group of interest, one cell per hole. 

For example, with regard to the SCM test referred to above, the 
holes are sized to be suited for receiving lymphocytes, among which 
there are two main sizes of about 7 uo and about 10-15 un, the 7 uo 
lymphocytes being the cells of Interest. To capture and retain this 
population of cells, it has been found that at the upper surface or 
side It of carrier 1, the apertures should have a cross-sectional 
dimension of approsimately 10 urn and that at the bottom surface or 
side lb, they should have a cross-sectional dimension of approximate- 
ly 5 um. In this way. the desired population of cells can easily 
15 enter the aperture without suffering substantial damage and yet, once 
in the aperture, the cells cannot pass out of the bottom of the car- 
rier. 

In general the aperture should be shaped so that either at its 
bottom side or at a cross-section intermediate sides It and lb, the 
cross-sectional dimension is less than at the top side, so that a 
desired cell entering an aperture does not pass through the aperture, 
but rather is held therein. Pig. IE illustrates an aperture config- 
uration wherein the minimum cross-section is located in a plane In- 
termediate between the top and bottom sides of the carrier. In addi- 
tion to properly selecting the aperture's entering and exiting di- 
mensions, it is also important to choose the carrier thickness be- 
tween the top and the level of the minimum cross-sectional dimension 
80 that the size of the aperture is related to the size of the 
desired cells so that when a desired cell enters an aperture practi- 
cally the entire cell is within the aperture, thus preventing it from 
being washed out during washing of the carrier. 

The carrier 1 is made of any appropriate matter, e.g., metals 
such as copper, gold, nickel, silver or others, or of plastic. 

In addition to using pure metal or plastic carriers, in some 
cases it is desirable to coat the carrier with various materials in 
order to change either or both of its chemical and mechanical surface 
characteristics. Examples of suitable coating materials include 



20 



25 



30 
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15 



20 



25 



30 



silicon, silicon dioxide and various inorganic glasses. When using 
such coating materials, or for that matter, when choosing a material 
from which to make an uncoated carrier, it is important to determine 
that the material does not interact with the cells in a way which 
will interfere with the test or tests to be performed. 



For example, with regard to the SCM test referred to above, it 
has been found that a coating of SiO^ on the carrier leads to ac- 
tivation of the cells (lymphocytes) which masks the response of these 
cells to stimulating agents. A similar activation is found with a 
mixture of silicon and Si^O^. Pure silicon, on the other hand, does 
not lead to activation of the cells. Accordingly, for the SCM test, 
a carrier coating of silicon is appropriate, while a coating of sili- 
con dioxide or silicon plus Si^Oj is not. Similar selections of 
coating materials can be readily made by persons skilled in the art 
for other types of diagnostic tests - 

Scanning electron micrographs of a copper carrier for use with 
the present invention are shown in Figs. 2-4- Fig. 2 shows the top 
surface of the carrier at a magnification of 1000 X. At the level of 
this surface, the apertures have a cross-sectional dimension (diame- 
ter) of approximately 11 microns. The minimum cross-sectional dimen- 
sion for these apertures is located in a plane intermediate the car- 
rier's top and bottom surfaces and has a magnitude of approximately 4 
microns. The spacing between this intermediate plane and the top 
surface of the carrier is approximately 6 microns. The spacing be- 
tween apertures is approximately 15 microns. In general, the in- 
ter-aperture spacing should be kept as small as possible so as to 
maximize the chances that cells will come to rest inside apertures 
rather than on the portions of the carrier between apertures. 

Figs. 3 and 4 show the bottom surface of the carrier of Fig. 2 
at a magnification of 1000 X. Fig. 3 also shows a turned-up corner 
of the carrier. Examining the edges of the carriers of Fig. 2-4 re- 
veals that the apertures have a vertical cross-sectional configura- 
tion of the type shown in Fig. IE. 

The carrier shown in Figs. 2-4 was prepared using a standard 
photo-etching technique of the type commercially employed to make 
transmission electron microscope grids. As is known in the art, that 
process, in its last stages, involves the deposition of metal on one 
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aide of a preformed grid so as to increase the strength of the grid. 
When a transmission electron microscope grid is to be formed, the 
deposition step is carried on only for a short time so as to keep the 
size of the apertures as large as possible, i.e., to minimize the 
5 width of grid members which in turn minimizes the interference of the 
grid with the transmission of electrons through the specimen and to 
the electron detector. To form the carrier of Figs. 2-4, the deposi- 
tion step, rather than being short, was continued for a relatively 
long period of time until enough metal was deposited on the back sur- 
10 face of the grid to fill in the apertures to the extent shown in the 
figures. As shown most clearly in Pig. 4, the deposited metal (cop- 
per) built up on the solid parts of the grid and overlapped into the 
apertures to close off the apertures and thus form the desired mini- 
mum cross-sectional dimension of the apertures. 
15 Rather than using a deposition process to form carrier apertures 

of the desired configuration, other processes, in particular ion 
bombardment processes through masks of different thicknesses and the 
like, can be used. Such processes are particularly useful in prepar- 
ing asymmetric apertures, such as the apertures shown in Fig. ID. 
20 Fig. 5 is a scanning electron micrograph at a ,magnif ication of 

720 X illustrating a coated carrier. The base carrier in this case 
was formed from copper and the coating is pure silicon which was de- 
posited on the carrier by vapor deposition. As can be seen in Fig. 
5, coatings can be used to change (reduce) the cross-sectional di- 
25 mensions of the apertures, as well as to provide an especially smooth 
and/or inert surface for contacting the cells. 

Fig. 6 shows another uncoated, copper carrier, in this case hav- 
ing square rather than circular apertures. The cross-sectional di- 
mension of the apertures at the top surface of this carrier is ap- 
30 proximately 10 microns and the minimum cross-sectional dimension is 
approximately 5 microns. The minimum cross-sectional dimension lies 
in a plane approximately 7-8 microns below the top surface of the 
carrier.' The spacing between apertures is approximately 12 microns. 
The carriers of Figs. 2-4 and 6 are sized to be particularly 
35 well suited to capturing and retaining lymphocytes having a 
cross-sectional size of approximately 7 um. As will be evident to 
persons skilled in the art from the disclosure herein, other carriers 
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having different aperture configurations can be constructed for 
capturing and retaining cells of different types and sizes. 

As previously pointed out, the holes 2 in carrier 1 are regular- 
ly arranged over or In the carrier, e.g., in rows and columns, to 
enable a clear identification of the position of very hole 2, for 
example, by its X and Y coordinates in the plane of the carrier. In 
the described embodiment the holes are disposed in rows and columns, 
extending perpendicularly to each other, thereby forming a ma- 
trix-like structure. The number of holes is chosen depending on the 
number of cells to be carried. For example, with 100 holes per row 
and column there is a total of 10,000 holes to carry 10,000 cells on 
the carrier of the described embodiment, each with its unique posi- 
tion in X and Y. 

To practice the method of the present invention, a few drops of 
the solution containing the cells, e.g., blood containing the 
lymphocytes, are dripped onto the cell carrier. A force, for exam- 
ple, a pressure differential, is applied across the carrier to move 
the cells into the apertures. The liquid passes through the holes in 
the carrier. However, the cells remain on the carrier. Since the 
sizes of the holes 2 are chosen to accommodate lymphocytes only, they 
enter the holes. Each hole accommodates only one cell. Excessive 
and other cells may be washed off the surface of the carrier, such as 
cells of sizes so great that they can't enter any hole, and/or excess 
cells more than the number of holes. Thereafter, in order to prevent 
the cells in the holes from leaving the carrier, they may be fixed 
thereto by various means, e.g., by applying a continuous pressure 
differential across the holes,* by changing the osmolarity of the 
bathing solution to cause the cells to swell, by covering the carrier 
by an adhesive, colloidable matter, and by electrically charging the 
carrier, as well as by external electric and/or magnetic fields. 

Fig. 7 Illustrates a typical experimental arrangement which has 
been used to load cells into carriers of the types shown in Figs. 
2-6. 

Carrier 1 is held in place above orifice 150 in plate 152 by 
means of collar 154 of solution basin 156- The collar presses the 
carrier against the portion of plate 152 which surrounds orifice 150 
and creates a seal between that portion and the carrier. This seal 
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prevents substantial numbers of cells from passing around the edges 
of the carrier, rather than being captured in the apertures. 

Orifice 150 is connected by outflow tube 160 to pump 162. The 
pump serves to produce a pressure differential across carrier 1 which 
5 pulls the cells into the apertures in the carrier. It has been found 
that a more uniform filling of carrier 1 can be achieved by providing 
a shallow taper 168 at the mouth of orifice 150. This taper reduces 
the amount of time required to fill the apertures at the perimeter of 
the carrier. 

10 Basin 156 Is configured so as to allow microscope objective 158 

to be brought close enough to carrier I so that the apertures in the 
carrier can be brought into focus. Solutions are provided to basin 
156 by one or more inflow tubes 164 which are conveniently connected 
to syringe needles 166. The inflow tubes are used to introduce vari- 

15 ous bathing and reagent solutions to basin 156. The inflow tubes are 
also used to wash excess cells off the top surface of carrier 1. In 
this case, fluid is removed from basin 156 by means of drain tube 
170. Cells are applied to carrier 1 using a standard syringe. Dur- 
ing this operation microscope objective 158 and basin 156 are moved 

20 apart to allow ready access to carrier 1. The level of fluid in ba- 
sin 156 is monitored during the testing of cells and, as necessary, 
fluid is added to the basin to keep the cells captured in carrier 1 
continuously submerged in liquid. 

A typical procedure used to capture and retain human lynqjhocytes 

25 in a carrier using the apparatus of Fig. 7 was as follows. First, a 
sample of human whole body was obtained in the standard way. A plas- 
ma fraction of this blood was then obtained by either centrifuging 
the sample at approximately 100 g for approximately 6 minutes or by 
incubating the sample at 37 for approximately a half an hour. In 

30 either case, the plasma fraction had a pinkish cast indicating the 
presence of red blood cells. The red blood cell/white blood cell 
ratio of the plasma fractions used to fill carriers was estimated to 
be approximately 30/1. 

Once obtained, the plasma fractions were diluted with phosphate 

35 buffered saline until a cell concentration of either approximately 6 
X 10^ cells/cc or 12 x 10^ cells/cc was reached. So that the cells 
would fluoresce and thus be easily seen under the microscope during 
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loading onto the carrier, fluorescein diacetate (FDA) was added to 
the cell suspension at. a concentration of approximately 2*5 uH and 
the cells were incubated with FDA for approximately 10-30 seconds 
prior to being applied to the carrier. 
5 To make sure that the carrier was free from contamination, phos- 

phate buffered saline was added to basin 154 with carrier 1 in place 
and pumped through carrier 1 by means of pump 162. Pump 162 was ad- 
Justed to produce a pressure differential across carrier 1 in the 
range of 0.5-5.0 cm of water. 

10 The cells were applied to carrier 1 by bringing a standard 

syringe containing the cell suspension into the vicinity of the car- 
rier. For the 6 x 10^ cells /cc concentration it was found that three 
drops of the cell suspension applied near to, but not directly on, 
the carrier were adequate to essentially fill all of the apertures in 

15 a carrier having approximately 7500 holes, while for the 12 x 10^ 
cells /cc concentration level and the same size carrier, one drop ap- 
plied directly to the carrier was found to be sufficient. In either 
case, essentially complete filling of the carrier occurred within a 
period of seconds to minutes, depending on how well collar 154 sealed 

20 the carrier to plate 152. 

Fig. 8 is a scanning electron micrograph at a magnifications of 
1000 X showing the carrier filled with lymphocytes. The fixation 
process used to prepare this micrograph causes the cells to contract. 
This makes them appear somewhat smaller than the apertures. When the 

25 cells were alive, they essentially filled the whole aperture with 
their tops at or just below the top surface of the carrier. 

Figs. 9-10 are scanning electron micrographs at a magnification 
of 6600X showing individual cells in individual apertures. The cell 
shown in Figs. 9 is a lymphocyte, while the cell in the aperture in 

30 Fig. 10 is an erythrocyte. Because erythrocytes are smaller than 
lymphocytes and are relatively flexible, if pressure had continued to 
be applied across the carrier, the erythrocyte shown in Fig. 10 would 
have passed down and out of the aperture. 

Fig. 11 is a scanning electron micrograph at a magnification of 

35 480X showing the carrier surface prior to washing to remove excess 
cells and debris. For the apparatus of Fig. 7, washing is done using 
Inflow tube 164 and drain tube 170. Note that the pressure 
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differential created by pump 162, as well as the configuration of the 
apertures, serves to hold the cells in their apertures during the 
washing process. 

As can be seen in Fig. 11, prior to washing there are individual 
5 lymphocytes in individual apertures, but the top of the carrier is 
covered with both excess lymphocytes and erythrocytes, as well as 
other cell types and debris. Comparing Fig. 11 with Fig. 8, which 
shows the carrier surface after washing, clearly demonstrates the 
effectiveness of the washing process In removing excess cells and 
10 debris. 

In the examples described above, a pressure difference across 
carrier 1 has been used to drive the cells Into the carrier apertures 
and then retain the cells In the apertures. Other forces can also be 
used for these purposes. 

15 For example. Fig. 12 shows the use of an electric field to drive 

the cells against the carrier and into the apertures. The field is 
oriented perpendicular to the top surface of the carrier. As is 
known m the art, biological cells, including lymphocytes, normally 
carry a net electrical charge, or, by adjusting the pH or other pa- 

20 raraeters, can be made to have a net charge. The electric field shown 
in Fig. 12 will accordingly cause cells, e.g., positively charged 
cells, to move towards the carrier and into the apertures, as 
desired. Of course. If It Is negatively charged cells which one 
wants to capture on the carrier, one only needs to reverse the dlrec- 

25 tlon of the electric field. 

The use of an electric field as the driving force can lead to 
electrolysis problems with uncoated metallic carriers. One solution 
to this problem is to coat the carrier with a non-conductor, as de- 
scribed above. Another solution, illustrated in Fig. 12, is to give 

30 the carrier a shape which localizes most of the electrolysis effects 
at points distant from the apertures where the cells are captured. 
In particular, in Fig. 12, the carrier is provided with ears or pro- 
jections 172 which concentrate the electric field and thus the ionic 
current and electrolysis effects in regions away from the main body 

35 of the carrier. Such ears will also attract cells, but in general 
there will be an abundant, excess of cells so that even If there Is 
some concentration of cells In the regions of the ears, there will 

/ CMPI 
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still be enough cells near the body of the carrier to fill the aper- 
tures. 

As an alternative to using an electric field oriented perpen- 
dicular to the surface of the carrier, crossed electric and magnetic 
5 fields parallel to the surface of the carrier can be used to drive 
the cells into the apertures. As shown in Fig. 13, in this case, the 
electric field causes the charged cells to move across the top of the 
carrier, while the magnetic field produces a v x B force towards the 
surface of the carrier for positively charged cells. Again, nega- 
10 tively charged cells can be selected by reversing the direction of 
the B field. The use of a B field to drive the cells into the aper- 
tures -has the advantage that once the cell comes to rest in 'the aper«* 
ture, the force on the cell due to the driving force ceases because v 
is now equal to zero. In contrast, a pressure differential driving 
15 force continues to exert a force on the cells even after they have 
been captured in apertures, although in general this force is too 
small to cause damage to the cells. 

In addition to using E and B fields to apply cells to the carri- 
er, these fields can be used to enhance the rate of fluid exchange 
20 around individual cells and to select specific cells captured on the 
carrier based on such parameters as the cell's charge to mass ratio. 

With regard to fluid exchange. Pig. 14 shows the use of a time 
varying magnetic field normal to the surface of the carrier to cause 
cells to rotate about their axes inside apertures. More specif ical- 
25 ly, the time varying magnet field generates a circular or tangential 
electric field parallel to the plane of the carrier. The magnitude 
and direction of such a field is described by Maxwell-Faraday law, 
also known as Lenz's law. This field acts on the fixed charges on 
the surface of the cell membrane and thus causes the cells to rotate 
30 about an axis parallel to the magnetic field. It should be noted 
that once the cells begin to rotate their cell membranes will experi- 
ence either an inward or outward squeezing force resulting from the v 
X B (Lorentz) interaction between the charges on the membrane and the 
applied B field (see Fig. 15). Whether the force is inward or out- 
35 ward will depend on the sign of the cell's surface charge and the 
orientation of the B field. In essence, the time varying magnetic 
field, in addition to rotating the cells, will also have a massaging 
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effect on them. Furthermore, there will be a tendency for the rotat- 
ing cell, which in effect is a magnetic dipole, to move parallel to 
the magnetic field. In addition to the effects on the cells, the 
field also interacts with the charged ions in the bathing medium 

'5 causing them to move in circular paths. 

With regard to selecting particular types of cells from among 
the population captured on the carrier. Fig. 16 shows an arrangement 
for selecting those cells having a particular charge to mass ratio. 
• As shown in that figure, a time varying, e.g,, sinusoidal, electric 

10 field is applied across the carrier and a constant magnetic field is 
applied parallel to the top surface of the carrier. The response of 
Individual cells to the electric field will depend on the frequency 
of the field and the cell's charge to mass ratio. Accordingly, by 
varying the frequency of the electric field, specific subgroups of 

15 cells can be made to move sufficiently far out of their apertures so 
that the force due to the magnetic field acting on the moving cell 
will cause it to move in the plane of the surface of the carrier. By 
means of surface washing during this process, these selected cells 
can be removed. 

20 In addition to the foregoing, electric fields can be used to 

select individual cells. For example, individual cells can be 
removed from the carrier by a local electric field created by bring- 
ing a charged probe into the vicinity of a particular cell's aper- 
ture. Groups of cells can be similarly removed from the carrier and 

25 moved to a desired location by using a movable array of probes, where 
selected probes in the array can be charged to a value sufficient to 
attract and move a cell from its aperture. 

Although particular embodiments of the invention have been de- 
scribed and illustrated herein, it is recognized that modifications 

30 and variations may readily occur to those skilled in the art, and 
consequently, it is intended that the claims be interpreted to cover 
such modifications and equivalents. 
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What is claimed is: 

1. A method for placing individual living cells at iden- 
tifiable locations comprising the steps of: 

(a) providing a carrier having a plurality of apertures, the 
5 apertures being arranged in an ordered array and being sized to hold 

individual cells; 

(b) applying a fluid containing living cells to the carrier; 

and 

(c) applying an electromagnetic force to the cells to move the 
10 cells into the apertures. 

2. The method of Claim 1 wherein the electromagnetic 
force is produced by an electric field oriented perpendicular to the 
surface of the carrier. 

3. The method of Claim 1 wherein the electromagnetic 
15 force is produced by crossed electric and magnetic fields oriented 

parallel to the surface of the carrier. 

4. Apparatus for placing individual living cells at iden- 
tifiable locations comprising: 

(a) a carrier having a plurality of apertures, the apertures 
20 being arranged in an ordered array and being sized to hold Individual 

cells; and 

(b) means for applying an electromagnetic force to the cells to 
move the cells into the apertures. 

5. The apparatus of Claim 4 wherein the means for apply- 
25 ing an electromagnetic force includes means for producing an electric 

field oriented perpendicular to the surface of the carrier. 

6. The apparatus of Claim 5 wherein the carrier is made 
of metal and is coated with a non-conductor. 

7. The apparatus of Claim 5 wherein the carrier is made 
30 of metal and has a configuration which localizes electrolysis effects 

at points distant from the locations of the apertures. 

8. The apparatus of Claim 7 wherein the carrier includes 
projections which extend away from the portion of the carrier which 
includes the apertures. 

35 9. The apparatus of Claim 4 wherein the means for apply- 

ing an electromagnetic force includes means for producing crossed 



10 



15 



WO 85/02201 PCT/US84/01829 

-15- 



electrlc and magnetic fields oriented parallel to the top surface of 
the carrier. 

10. In a method for exchanging the bathing fluid surround- 
ing cells captured in the apertures of a carrier, the improvement 
comprising applying a time varying magnetic field normal to the sur- 
face of the carrier to cause the cells to rotate about their axes 
inside the apertures. 

11. Apparatus for exchanging the bathing fluid surrounding 
cells captured in the apertures of a carrier comprising: 

(a) means for applying and removing bathing fluid from the car- 
rier; and 

(b) means for producing a time varying magnetic field normal to 
the surface of the carrier to cause the cells to rotate about their 
axes inside the apertures. 

12. In a method for holding cells in the apertures of a 
carrier, the improvement comprising washing the carrier to remove 
excess cells and debris, and then adjusting the osmolarity of the 
bathing solution surrounding the cells so as to cause the cells to 
swell. 

2Q 13. A method for selecting cells which have a particular 

charge to mass ratio from among a population of cells captured in the 
apertures of a carrier comprising the steps of applying a time vary- 
ing electric field across the carrier and applying a constant magnet- 
ic field parallel to the surface of the carrier to move cells having 

25 the particular charge to mass ratio out of their apertures. 

14. The method of Claim 13 including the additional step 
of washing the surface of the carrier while said electric and magnet- 
ic fields are being applied. 

15. i^paratus for selecting cells which have a particular 
charge to mass ratio from among a population of cells captured in the 
apertures of a carrier comprising first and second means for respec- 
tively producing electric and magnetic fields, said electric field 
being time varying and being directed across the carrier, said mag- 
netic field being constant and being directed parallel to the surface 
of the carrier, said electric field causing cells which have the par- 
ticular charge to mass ratio to move -sufficiently far out of their 
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apertures so that said magnetic field can move the cells in the plane 
of the surface of the carrier. 

16 • The apparatus of Claim 15 further comprising means for 
washing the surface of the carrier, 
5 17. A method for removing an individual cell from an aper- 

ture formed in a carrier comprising the steps of charging a probe and 
subjecting the cell to the local electric field produced by the 
charged probe to move the cell out of its aperture. 

18. The method of Claim 17 wherein a group of individual 
10 cells are removed from their apertures by charging an array of probes 

and subjecting the cells to the local electric fields produced by the 
array to move the cells out of their apertures. 

19. Apparatus for removing a cell from an aperture formed 
in a carrier comprising a probe and means for charging the probe to a 

15 value sufficient to attract and move the cell from its aperture. 

20. Apparatus for removing a group of cells from the aper- 
tures of a carrier comprising an array of probes and means for charg- 
ing selected probes in the array to a value sufficient to attract and 
move a cell from its aperture. 

20 21. In a method for washing excess cells and debris from a 

carrier which has a plurality of apertures which are filed with 
cells, the Improvement comprising applying a pressure differential 
across the carrier to hold the cells in the apertures during the 
washing process. 

25 22. The method of Claim 21 wherein the washing is per- 

formed by supplying fluid to the top surface of the carrier through 
an inflow tube and removing it through a drain tube. 

23. A carrier for holding individual cells at identifiable 
locations comprising a base made of a first material and having a 

30 plurality of apertures therethrough, said apertures being arranged in 
an ordered array and being sized to hold individual cells, and a 
coating made of a second material and covering at least a portion of 
said base. 

24. The carrier of Claim 23 wherein the base is a conduc- 
35 tor and the coating is a non-conductor. 

25. The carrier of Claim 24 wherein the base is metal and 
the coating is an inorganic glass. 
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26. The carrier of Claim 24 wherein the base is metal and 
the coating is Si, Si02, or a mixture of Si and 81203. 

27. The carrier of Claim 24 wherein the base is metal and 
the coating is Si. 

5 28. A method for forming a carrier for holding individual 

•cells at identifiable locations comprising creating apertures in a 
base by subjecting the base to ion bombardment through masks of dif- 
ferent thicknesses, the apertures being in an ordered array and being 
sized to hold individual cells. 

IQ 29. A carrier for holding individual cells at identifiable 

locations comprising a base having substantially parallel top and 
bottom surfaces and having a plurality of apertures therethrough, 
said apertures (a) being arranged in an ordered array, (b) being 
sized to hold individual cella, and (c) having side walls which ex- 

15 tend between said top and bottom surfaces of said base, said side 
walls including a first portion which converges inward towards the 
center of the aperture and a second portion which is substantially 
perpendicular to said top and bottom surfaces of said base. 

30. The carrier of Claim 29 wherein the apertures are 

20 formed by ion bombardment. 
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US. 210/222, 695; 209/38, 243; 204/180R, 186, 301, 302, 30S 

INT. BOIL 11/00; BOID 35/06, 57/02, 13/02; B03C 1/30, 1/02, 
S/02 
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FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 
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US, A, 2,910,406 CNovak) 27 October 1959 

US, A, 2,923,669 (Poitr .s) 2 February 1960 

US, A, 1,915,568 (Gortner et al) 
27 June 1933 

US, A, 3,368,963 (Hall) 13 February 1968 

US, A, 4^089,765 (Dudley) 16 May 1978 
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21, 22 
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1-9 
1-9 



V.Q OBSERVATIONS WHERE CERTAIN CLAIMS WERE POUND UNSEARCHABLE iQ 



This Inlernatlonal search report has not been established In respect of certain claims under Article 17(2) (a) for the following reasons: 
numbers . because they relate to sublect matter »« not required to be searched by this Authority, namely: 



Claim numbers.^ because they relate to parts ol the International application that do not comply with the prescribed requlre- 

ments to such an extent that no meaningful International search can be carried out », specincally; 



VlQ OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING " 



This International Searching Authority found multiple Inventions In this International application as follows: 



!•□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable claims 
of the international application. 

2. n As only some of the required additional search fees were timely paid by the applicant, this internaUonal search report covers only 

those claims of the International application for which fees were paid, specincally claims: 

3. n No required additional search fees were timely paid by the applicant. Consequently, this InternaUonal search report is restricted to 

the Invention first mentioned In tho claims; It Is covered by claim numbers: 

4. n As all searchableclalms could be searched without effort justifying an additional fee, the International Searching Authority did not 
^ Invite payment of any additional foe. 

Remark on Protest 

Q The additional search fees were accompanied by applicant's protest 

Q] No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (supplemental sheet (2)) (October 1981) 



r 



Intornatfonal Application No. 



PCT/US84/01829 " ~~] 



III. DOCUMENTS CONSIDERED TO BB RELEVANT (CONTINUED FROM THE SECOND SHEET) 



Categofy • ataHon of Ooeumant, t* with Indication, where appropriate, of the relevant paeaagea " Ralavant to Qalni No i« 



A 

Y 
A 
A 

A 

A,E 

A 

A 



US, A, 3,190,827 (Kok et al) 22 June 1965 

US, A, 3,207,684 (Dotts, Jr.) 21 September 
1965 

US, A, 4,374,644 CArrastrong) 22 February 
1983 

US, A, 3,929,583 (Sharpe et al) 30 December 
1975 



US, A, 4,052,163 CPatzner) 4 October 1977 

US, A, 4,441,972 (Pohl) 10 April 1984 

US, A, 3,719,583 CUstick) 6 March 1973 

US, A, 4,326,934 (Pohl) 27 April 1982 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

IZ) BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

ID LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



